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Abstract 
Bottlenose dolphins are listed under Annex II of the EU Habitats Directive and thus member 
states must ensure they are at a “Favourable Conservation Status”, which requires ongoing 
population monitoring. Estimating cetacean abundance visually can be expensive and 
relatively difficult. Static acoustic monitoring (SAM) provides a potential alternative for non 
invasive monitoring especially in adverse weather conditions and outside daylight hours.  
The efficacy of four sampling techniques used to monitor bottlenose dolphins were tested in 
the Lower River Shannon cSAC on the west coast of Ireland for two years. Three acoustic 
techniques: a statically moored hydrophone and self contained click detectors (T-PODs and 
C-PODs) were compared to visual surveys carried out simultaneous to acoustic monitoring, 
from a land-based site. “Ground-truthing“ acoustic detections with visual observations, T-
POD, C-POD and hydrophone successfully detected the presence of bottlenose dolphins even 
though the acoustic detection rate was 1.6% (T-POD), 15.3% (C-POD) and 29.2% 
(hydrophone) of the visual detection rate. A significant variation was found between visual 
and acoustic detection rates using T-POD and hydrophone in 2008 which resulted in a higher 
visual detection rate compared to the T-POD (p<0.000) and hydrophone (p<0.004). The 
detection rate of the hydrophone was significantly higher than the detection rate of the T-POD 
(p<0.001). In 2009, there was also a significant difference between visual and acoustic 
detection rates using T-POD, C-POD and hydrophone. Again, the visual observation method 
recorded more detections compared to the T-POD (p<0.001), C-POD (p<0.000) and 
hydrophone (p<0.01). The C-POD recorded significantly less dolphin detections than the 
hydrophone (p<0.025) but more than the T-POD (p<0.008). 
Comparing the detection rates of all four methods between both study years, revealed a 
significant variation for the T-POD with more % of  DPM/h recorded in 2009 (p<0.04). The 
visual and acoustic method using the hydrophone did not show any significance between 2008 
and 2009 (visual: p>0.86; hydrophone: p>0.53). In 2009, the C-POD logged significantly 
more detections than the T-POD (p<0.008). 
In order to use static acoustic monitoring techniques in studies of the distribution and habitat 
use of cetaceans for species conservation management, it is essential to know the range over 
which the acoustic device effectively detects the target species in order to know the area being 
monitored and the number of devices to cover an area. The detection range of C-POD and  
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statically moored hydrophone was investigated by plotting the positions of visual observations 
using a theodolite relative to the SAM equipment. The acoustic detection range for clicks on 
the C-POD was a maximum of 239 m (mean min) and 484 m (mean max), and a maximum of 
639 m (mean min) and 906 m (mean max) for whistles detected by the statically moored 
hydrophone. The results presented are new to this area of research as no data exist on the 
detection distance for C-POD and bottlenose dolphins in the Shannon Estuary so far. 
The present study aimed to establish whether there was a relationship between group size and 
vocalization (whistle and “other vocalizations”) rate of bottlenose dolphins to predict group 
size. The objective was to examine whether the approach developed by van Parijs et al. (2002) 
to estimate abundances for Pacific humpback dolphins could also be applied to bottlenose 
dolphins. This was analyzed by investigating the correlation between acoustic activity using 
whistles and “other vocalizations”, and the number of bottlenose dolphins seen. The results 
have shown that only the whistle rate for the 25% of the most vocal active minutes correlated 
with group size, although even then it could still only explain 37% of the variation in whistle 
rate (c=0.37). 
Despite the constraints associated with both visual and acoustic monitoring techniques, such 
as false negatives (not recording or seeing animals when they are there), acoustic monitoring 
is the best method for nighttime surveying or for those weather conditions where visual 
observations are not appropriate. Automated data loggers such as the PODs can log data 
continuously over long periods of time and are cost-efficient due to their internal storage 
capacity and autonomous power supply. 
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1. Overall Introduction 
To date, 24 cetacean species have been recorded in Irish waters. Harbour porpoise, 
Phocoena phocoena Linnaeus 1758, common bottlenose dolphin, Tursiops truncatus 
Montagu 1821, short-beaked common dolphin, Delphinus delphis Linnaeus 1758, and the 
minke whale, Balaenoptera acutorostrata Lacépède 1804, are the most frequently recorded 
in coastal waters (Berrow 2001). All cetacean species in European waters are protected and 
listed in Annex IV of the EU Habitats Directive, which identifies species in need of strict 
protection. In addition, bottlenose dolphins and harbour porpoises are listed in Annex II as 
requiring further protection through the designation of Special Areas of Conservation 
(SAC‟s).  
1.1. Cetacean Conservation in Europe 
Cetaceans have been granted legal protection through a range of regulations and 
legislation. The major European regulation on animal protection is the Council Directive 
92/43/EEC of 21 May 1992 on the Conservation of Natural Habitats and wild Fauna and 
Flora, which aims to maintain or restore natural habitats and species of wild fauna and 
flora at favourable conservation status. The listing of the cetacean species (such as the 
harbour porpoise and the bottlenose dolphin) in Annex II requires that a European 
ecological network of Special Areas of Conservation (Natura 2000) must be set up to 
maintain or restore its favourable conservation status in its natural range. Each Member 
State must establish necessary conservation measures and undertake surveillance of the 
conservation status of the species. The listing in Annex IV implies that measures shall be 
taken to establish a system of strict protection for the species in its natural range, 
prohibiting e.g. deliberate capture or killing, deliberate disturbance, and deterioration or 
destruction of breeding sites or resting places.  
Up to now, three candidate Special Areas of Conservation (cSAC) have been designated in 
Ireland, the Blasket Islands and Roaringwater Bay for harbour porpoises, and the Lower 
River Shannon for bottlenose dolphins (O‟Brien et al. 2009). The present study was 
conducted in the Shannon Estuary which is the only cSAC for bottlenose dolphins in Irish 
waters. Studies on the use of the estuary by bottlenose dolphins have showed that the 
animals occur in two core areas coinciding with the greatest slope and depth (Ingram and 
Rogan 2002). The identification of critical habitats within a population‟s range is vital in 
planning any conservation management strategy for marine mammals (Ingram 2000). 
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The Agreement on the Conservation of Small Cetaceans of the Baltic, North East Atlantic, 
Irish and North Seas (ASCOBANS) aims to “restore and /or maintain biological stocks of 
small cetaceans at the level they would reach when there is the lowest possible 
anthropogenic influence” and to achieve and maintain a favourable conservation status for 
small cetaceans, including the application of measures relating to conservation, research 
and management. Although the agreement includes all Irish waters, Ireland is not yet a 
party to ASCOBANS. 
1.2. Cetacean Monitoring Techniques 
In order to ensure species conservation and management, an up-to-date knowledge of 
status, such as species densities and ranging patterns is required. This type of information 
is essential to detect changes in abundance and distribution. Information on spatial and 
temporal variation in abundance is also necessary to investigate whether management 
and/or mitigation measures are needed and the effectiveness of any such actions that are 
implemented (Evans and Hammond 2004).  
Many techniques are widely used for assessing the abundance and distribution of cetacean 
species, such as visual surveys (Hammond et al. 2002, Berrow et al. 2008), acoustic 
surveys (Clark 1995, McDonald and Fox 1999, McDonald and Moore 2002, Mellinger et 
al. 2004, Berrow et al. 2009) and the use of data loggers and transmitters, such as satellite 
tags (Burtenshaw et al. 2004, Wade et al. 2006).  
Two international dedicated surveys have been carried out in Europe to derive the 
abundance of small cetaceans in European waters using visual monitoring: the Small 
Cetacean Abundance Survey in the North Sea and adjacent waters (SCANS) in 1994, and 
the Small Cetaceans in the European Atlantic and North Seas (SCANS-II) in 2005. In July 
2007, the Cetacean Offshore Distribution and Abundance in the European Atlantic 
(CODA) project was conducted to generate abundance estimates of all cetacean species in 
offshore waters also using visual surveying.  
However, visual observations can only be conducted during daytime hours and in good 
weather conditions; low sea-state is vital as detection probability tends to be reduced in 
adverse weather conditions (Kimura et al. 2009). Acoustic surveys can avoid some of the 
difficulties related to visual observation methods, such as weather conditions and species 
characteristics (e.g. lack of a dorsal fin in finless porpoises Neophocaena phocaenoides 
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Cuvier 1829) (Kimura et al. 2009). The equipment and methods that are available to obtain 
and analyze acoustic data have improved considerably over the last ten years.  
Acoustic methods vary in type, ranging from stationary units consisting of a single 
hydrophone such as the PCL (Porpoise Click Logger, Aquatech) (Wennerberg 2007), to 
towed hydrophone arrays (McDonald and Fox 1999, Barlow and Taylor 2005) or acoustic 
recording devices attached to an individual animal. Akamatsu et al. (2007) deployed an 
acoustic tag on harbour and finless porpoises showing that the animals frequently used 
their echolocation abilities. Although this tag technology has provided an insight into 
animal behaviour, ecology and physiology, it is limited by the relative short recording 
time. Acoustic arrays of multiple units have allowed the detecting, localizing and tracking 
of vocalizing animals and have improved understanding of species densities and 
distribution over temporal and spatial scales (McDonald and Moore 2002). Using towed 
hydrophone arrays, for example, the estimation of total abundance for sperm whales 
(Barlow and Taylor 2005) has been improved, since their vocalizations are easy to identify. 
The use of towed hydrophone arrays in combination with visual observations allowed a 
large number of descriptions of vocalizations of various species which otherwise would not 
have been possible (Oswald et al. 2007, Rankin et al. 2007).  
Static acoustic monitoring (SAM) enables data on cetacean vocalization to be recorded 
over long periods and is usually less expensive than visual observations (Mellinger et al. 
2007). It is a very useful tool for monitoring areas with low densities for endangered 
species (Verfuss et al. 2007, Rayment et al. 2009a).  
One SAM device is the T-POD (Timing POrpoise Detector, Chelonia Ltd), a commercially 
available porpoise click detector which was originally called POD (Porpoise Detector).  
The T-POD has been on the market for ten years and has been used in bycatch related 
projects, behavioural studies and environmental impact assessments (Carstensen et al. 
2006, Diederichs et al. 2008). This acoustic device is a battery powered data logger which 
records the time and duration of click trains produced by dolphins and porpoises. These 
clicks are recorded within frequency bands to assist in species differentiation. Upon 
recovery, the data are downloaded onto a PC and the dedicated software (TPOD.exe) 
applies a click train detection algorithm which extracts cetacean click trains from ambient 
noise. PODs were originally developed for studies of habitat use and echolocation 
behaviour of harbour porpoises (Koschinski et al. 2003, Carlström 2005, Philpott et al. 
2007, Verfuss et al. 2007). The T-POD replaced the POD and has now been replaced by 
the C-POD (Chelonia Ltd) which samples the echolocation click trains digitally. Using 
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digital waveform analysis to detect biosonar clicks allows a better and more precise 
distinction between narrow band and broad band biosonar as well as between noise and 
cetacean sonar (www.chelonia.co.uk). Data collected by T-POD or C-POD can be stored 
internally on a SD card, so that no extra external storage medium is needed.  
However, passive acoustic monitoring is only useful when taken in the context of the 
acoustic behaviour ecology of the animals and applied in a regional and seasonally 
appropriate context. In order to improve acoustic monitoring techniques, more information 
is needed on the species vocal repertoire, individual and group vocalizing behaviour, and 
local and seasonal variation in vocalization (van Parijs et al. 2009). 
1.3. Bottlenose dolphins Tursiops truncatus in the Shannon Estuary 
In Ireland, bottlenose dolphins (Figure 1.1) have been recorded most frequently in coastal 
waters. The only known resident group of bottlenose dolphins in Irish waters occurs in the 
Shannon Estuary (Berrow et al. 1996) and calved in the estuary making it of high 
conservation importance. In Cork Harbour, a group of six animals seem to have established 
over the past few years showing that they were not genetically distinct from the animals in 
the Shannon Estuary (Ryan et al. 2011). 
 
 
Figure 1.1 Bottlenose dolphins Tursiops truncatus in the Shannon Estuary 
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Bottlenose dolphins are on Annex II of the EU Habitats Directive and thus Member States 
must ensure that they are at Favourable Conservation Status, which requires ongoing 
population and habitat monitoring (European Commission 1992). The Shannon Estuary is 
the most important site in Ireland for bottlenose dolphins and was designated a candidate 
SAC (Lower River Shannon cSAC site) for this species in 1999 (Berrow 2003). Bottlenose 
dolphins have been known to use the estuary since at least 1835 (Ingram 2000) and 
probably for much longer. Studies on bottlenose dolphins in the estuary have focused on 
abundance. Recent estimates include 113±16 in 1997 [Ingram 2000], 121±14 in 2003 
[Ingram and Rogan 2003] and 140±12 in 2006 [Englund et al. 2007]) and the identification 
of critical habitats (Ingram and Rogan 2002).  
A number of potential threats to bottlenose dolphins and their habitat have been 
highlighted, including; interactions with commercial fisheries (Berrow and Rogan 1998, 
Berrow et al. 2006), pollution contamination (Berrow et al. 1998), disturbance and habitat 
degradation. The Shannon region is a major centre of industrial activities including 
aluminium extraction and electricity generation with coal fired and oil fired stations 
located at Moneypoint and Tarbert in the outer estuary (Englund et al. 2007). In addition, 
the Shannon is one of the busiest waterways of Ireland in terms of shipping traffic. Since 
1993, the dolphin watching boat traffic has increased considerably, and by now, an 
estimated 15.000 – 20.000 tourist went on approximately 400 – 500 boat trips conducted in 
the Shannon Estuary (Berrow 2003).  
Acoustic studies on bottlenose dolphins in the Shannon Estuary have focussed on the 
detection distance for bottlenose dolphins and T-PODs (Philpott et al. 2007) and 
recordings of whistle repertoire (Berrow et al. 2006, Hickey et al. 2009). Philpott et al. 
(2007) generated a detection distance of up to 1246 m for bottlenose dolphins using T-
PODs in the Shannon Estuary.  
A fixed underwater hydrophone was used to record bottlenose dolphin vocalizations by 
Hickey et al. (2009). They reported a range of different whistle types and classified them 
into five categories using spectrographs on Adobe Audition software. The authors 
suggested that certain whistle types were associated with certain behaviour types. Hickey 
et al. (2009) also compared whistle types between the Shannon Estuary and Cardigan Bay 
in Wales and found that there were distinct whistle types unique to the Shannon and those 
unique to Cardigan Bay. They suggested that the differences observed in whistle 
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characteristics between the two populations could be representative of behavioural, 
environmental or morphological differences between regional distinct areas.  
Figure 1.2 shows a map of the Shannon Estuary with the location of the study site at 
Moneypoint. 
 
 
Figure 1.2 Map of the Shannon Estuary, Ireland, indicating the location of the observation 
site Moneypoint (black triangle)  
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1.4. Aims and Objectives 
This master thesis presents the findings of a project which aimed to investigate the 
performance and effectiveness of static acoustic monitoring techniques, in comparison 
with visual methods, to monitor the resident bottlenose dolphins in the Shannon Estuary, 
cSAC.  
The principal aims were to:  
 Compare acoustic data from C-POD, T-POD (using click data) and hydrophone 
(using whistle data) with visual observations and to investigate the efficacy of the 
three different acoustic monitoring techniques for bottlenose dolphins in the 
Shannon Estuary.  
 Generate the detection distances for C-POD and the statically fixed hydrophone 
 Investigate the relationship between vocalisation rates (whistles and ”other 
vocalizations”) and group size of bottlenose dolphins and examine whether the 
technique used by van Parijs et al. (2002) is applicable to this delphinid species. 
Using a regression, van Parijs et al. (2002) found a positive linear relationship 
between group size and the number of vocalisations including all calls. They 
created a mathematical model capable of predicting group size from vocalization 
rate.  
Chapter 1 presents an overall introduction to cetacean conservation and monitoring 
techniques. 
Chapter 2 explores the usefulness and efficiency of different survey techniques and focuses 
on the performance of the C-POD, visual and hydrophone as a tool for monitoring 
bottlenose dolphins in the Shannon Estuary.  
Chapter 3 attempts to generate the detection distances of the C-POD (for click data) and 
the hydrophone (for whistle data). 
Chapter 4 establishes a relationship between vocalization rate and group size and attempts 
to predict group size from vocalization rate using hydrophone data. 
The findings are then considered and discussed in Chapter 5 (Conclusion). 
The data set used for Chapter 2 and 4 are listed in Appendix 2. Please note that different 
data sets were used due to different deployment periods of the acoustic devices. 
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2. Efficiency of acoustic devices for monitoring bottlenose 
dolphins 
2.1. Introduction 
Acoustic monitoring is an effective method of detecting marine mammals that spend little 
time at the surface and it has many advantages over visual surveys (Ingram et al. 2004). 
Acoustic techniques are less affected by weather conditions and can be operated during 
night time hours (Akamatsu et al. 2008). Some systems for acoustic monitoring are 
automated and suitable for long-term monitoring (Verfuss et al. 2007), and at relatively 
low cost (Mellinger et al. 2007). With a swimming speed of 1.2-5 m/s (Akamatsu et al. 
2002, Harzen 2002) and diving durations of up to 3 minutes, bottlenose dolphins can travel 
hundreds of meters underwater without being observed at the surface, making acoustics 
more likely to detect animals if they are vocalizing. 
Acoustic listening devices that capture sound from the surrounding environment are now 
widely used for cetacean research (Mellinger et al. 2007, van Parijs et al. 2009). The 
acoustic equipment may be mobile or fixed: a hydrophone may be towed behind a ship 
enabling large area coverage and the combination of visual and acoustic surveys. 
Alternatively, automated data loggers can collect data continuously over long periods of 
time and are cost-effective due to their storage capacity and autonomous power supply. 
For odontocetes, whose higher frequency sounds are detectable over much shorter ranges, 
acoustic data loggers such as the A-tag (Akamatsu et al. 2005), the T-POD (Jefferson et al. 
2002, Philpott et al. 2007, Rayment et al. 2009a) and lately the C-POD can be used to gain 
information about habitat use and occurrence. Acoustic devices can also give valuable 
information on behaviour (Lammers et al. 2006, Benoit-Bird and Au 2009), species 
identification (Oswald et al. 2003, Oswald et al. 2007) and vocal repertoire (Berrow et al. 
2006, Rossi-Santos et al. 2008, van der Woude 2009).  
T-PODs have also been employed to record changes in echolocation activity of harbour 
porpoises (Cox et al. 2001, Culik et al. 2001, Carlström et al. 2009) and bottlenose 
dolphins (Leeney et al. 2007), and are now becoming widely used in studies assessing 
environmental impact, such as the construction of offshore windfarms (Koschinski et al. 
2003, Carstensen et al. 2006, Todd et al. 2009, Brandt et al. 2011). Although T-PODs have 
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been shown to be quite powerful in successfully monitoring the presence of harbour 
porpoises (Verfuss et al. 2007, Berrow et al. 2009), finless porpoises (Akamatsu et al. 
2001, Jefferson et al. 2002) and Hector‟s dolphins (Rayment et al. 2009a), their efficiency 
in detecting bottlenose dolphins has not been fully explored.  
Dolphin signals are very different from porpoise signals, which make them difficult to 
detect automatically. Compared to harbour porpoise clicks which are narrowband with a 
peak frequency between 110 and 150 kHz (Møhl and Anderson 1973, Akamatsu et al. 
1994), bottlenose dolphins are producing broadband clicks ranging from frequencies as 
low as 30 kHz (Evans 1973) to up to 130 kHz (Au et al. 1974, Au 1993).  
However, static acoustic monitoring using PODs is not without limitations. The suitability 
of acoustics depends on several variables, including the vocal behaviour of the animals, the 
distance from the detection unit, and orientation of the animal. Harbour porpoises, for 
example are thought to be highly vocal and echolocate almost continuously (Verfuss et al. 
2005) whereas bottlenose dolphins have also been shown to acquire information about 
their environment through passive listening (Gannon et al. 2005). Thus, if animals do not 
actively echolocate they will remain undetected (Ingram et al. 2004). Also, an animal 
closer to the acoustic equipment or on-axis will have more vocalizations recorded than an 
animal further away, or at the same distance but not vocalizing towards the device. 
Vocalization rates may vary between individuals or populations as well as between 
behaviour states (Jones and Sayigh 2002).  
Since the performance of acoustic systems are highly variable, simultaneous visual 
surveying is needed to determine the reliability of acoustic detections. In the present study, 
static acoustic monitoring of bottlenose dolphins was conducted, concurrent with visual 
observations, to determine the detection performance of the C-POD, T-POD and 
hydrophone on the presence of dolphins. This chapter aimed to evaluate the efficacy of 
these devices as tools for static acoustic monitoring of bottlenose dolphins in the Shannon 
Estuary, Ireland.   
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To test this aim the following hypotheses were generated: 
 
Hypothesis 1: There is no difference between visual and acoustic detection rates in 2008 
(for T-POD and hydrophone) 
Hypothesis 2: At a distance less than 500 m, there is no significant difference between 
visual and acoustic detection rates recorded by the T-POD and the hydrophone in 2008. 
Hypothesis 3: There is no difference between visual and acoustic detection rates in 2009 
(for C-POD, T-POD and hydrophone)  
Hypothesis 4: At a distance less than 500 m, there is no significant difference between 
visual and acoustic detection rates recorded by the C-POD, T-POD and the hydrophone in 
2009. 
Hypothesis 5: There is a significant variation in the number of bottlenose dolphin acoustic 
detections between T-POD and C-POD in 2009. 
Hypothesis 6: There is no difference in the number of bottlenose dolphin detections 
between years (2008, 2009) in the Shannon Estuary using visuals and acoustics (T-POD 
and hydrophone). 
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2.2. Methods 
Visuals 
During static acoustic monitoring, simultaneous visual observations were conducted from a 
land-based site overlooking the study area. The study area was defined as the area of 
approximately 1-3 km around the statically moored hydrophone; the boundary to the east 
was set by the Ferry Line crossing the River at Tarbert lighthouse, to the south by the 
coastline of the river and to the west by Ardmore Point (Figure 1.2). The observer watched 
continuously for one hour and rested for 15 minutes unless dolphins were in the study area. 
When dolphins were surfacing, the observer recorded the time, the group size and the 
estimated distance of the closest dolphin of a group to the acoustic equipment 
(hydrophone, T-POD, C-POD). Visual observations were made during daylight hours in up 
to sea-state 2 using binoculars (7x50) and a Kowa TSN2 telescope with a 20x wide-angle 
eyepiece. Distances were estimated by eye. The Moneypoint jetty which was 150-200 m 
from the observation point was used as reference point against which distances could be 
estimated. 
SAM equipment 
T-POD  
PODs are automated click detectors that record echolocating cetaceans. The T-POD 
comprises a self-contained computer and hydrophone that logs the presence of 
echolocation clicks produced by porpoises and dolphins (www.chelonia.co.uk). The T-
POD performs six separate scans per minute and settings can be adjusted to detect and log 
harbour porpoises and dolphins at a range of frequencies. The software applies a train 
detection algorithm that identifies click trains within the detected data and then classifies 
them according to how likely they are to be cetacean in origin. During this train detection 
process, other broadband sources, sonars, snapping shrimps and rain, are removed. 
Sonar clicks of the target species are detected by the comparison of the output of two 
bandpass filters, the reference and the target filter. The target filter is set to the peak 
frequency of the target species, which is 130 kHz for harbour porpoises (Au et al. 1999) 
and 50 kHz for bottlenose dolphins (Au et al. 1974), and the reference filter is set to the 
frequency where there is little or no energy in the signal (Kyhn et al. 2008). To cause a 
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detection the signal energy picked up by the target filter must exceed the energy picked up 
by the reference filter, which is set by the ratio “click bandwidth”. A low click bandwidth 
results in a higher ratio between target and reference filter making the filter more specific 
for a click train to be detected by the T-POD (Simon et al. 2010).  
The detection threshold of the device can be adjusted through the parameter sensitivity 
ranging from 0-16 which adjusts the minimum receiving level of the POD and relates 
directly to detection rate (Kyhn et al. 2008).   
A noise adaptation of ++ was used for all deployments as well as a scan limit of 240. 
During the study, three different v5 T-PODs were deployed between July and August 
2008, with the generic settings for dolphins as set out by the manufacturer (Table 2.1). T-
PODs were configured to log clicks of bottlenose dolphins by setting the target filter to 50 
kHz and the reference filter to 70 kHz.  
 
Table 2.1 T-POD generic settings for dolphins used during deployments in the Shannon 
Estuary 2008 
SCAN 1 2 3 4 5 6 
A filter (kHz) 50 50 50 50 50 50 
B filter (kHz) 70 70 70 70 70 70 
Click bandwidth 5 4 5 4 5 4 
Noise adaptation ++ ++ ++ ++ ++ ++ 
Sensitivity 16 16 16 16 16 16 
Scan limit  240 240 240 240 240 240 
 
 
 
In 2009, two different v5 T-PODs were used between June, July and September 2009 and 
were set to detect dolphins and porpoises on alternate channels (Table 2.2).  
 
Table 2.2 T-POD generic settings for dolphins and harbour porpoise used during 
deployments in the Shannon Estuary 2009 
SCAN 1 2 3 4 5 6 
A filter (kHz) 50 130 50 130 50 130 
B filter (kHz) 70 92 70 92 70 92 
Click bandwidth 5 4 5 4 5 4 
Noise adaptation ++ ++ ++ ++ ++ ++ 
Sensitivity 16 16 16 16 16 16 
Scan limit  240 240 240 240 240 240 
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The T-PODs were deployed on a permanent fixed mooring at an approximate depth of 15 
m. The mooring consisted of a 10 kg weight connected to the Moneypoint Jetty via a rope 
that could be pulled up manually (Figure 2.1). The POD was shackled to this rope at mid 
water. A number of salmon floats were attached to the POD to ensure it remained in an 
upright position as currents are quite strong at this site. The mooring design kept the T-
POD upright in all weather and tidal conditions. T-PODs were serviced and the data 
downloaded using dedicated software (TPOD.exe v8.24) to filter and extract all data files. 
Only clicks in the category of cetacean all (“cet all”) were used during analyses, which is a 
combination of clicks classed as high probability cetacean clicks (“cet hi”) and those 
classed as being of low probability cetacean origin (“cet low”). Dolphin detections were 
extracted as Detection positive minutes per hour (DPM/h) representing the time unit in 
which the algorithm detected a click train produced by bottlenose dolphins. For the periods 
where visual sightings occurred in 2008 and 2009, T-POD recordings were also extracted 
as DPM/h using all the filter categories (“cet hi”, “cet low”, “doubtful” and “very 
doubtful”) allowing doubtful and very doubtful trains to be included to check if dolphins 
were missed due to filter classification.   
In 2009, T-POD data were extracted as DPM/h using all filter categories (as described 
above) for dolphins and porpoises as the POD was set to log both species.  
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Figure 2.1 Deployment of T-POD (left) and C-POD (right) in the Shannon Estuary 
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C-POD 
The C-POD is the new digital version of the T-POD. It uses digital waveform analysis to 
select relatively narrowband clicks and logs the time of occurrence, duration, centre 
frequency, amplitude, and bandwidth of tonal clicks within the frequency range of 20 kHz 
to 150 kHz. The data are stored on a Secure Digital flash card and later analysed on a PC to 
identify the presence of cetaceans by detecting the trains of ultrasonic echolocation clicks 
they produce (www.chelonia.co.uk). Dedicated PC software for this technology identifies 
click trains and allocates them to species groups using their dominant frequencies and 
other characteristics. The ability of C-PODs to accept broadband clicks of any frequency 
between 20 kHz and 160 kHz means that different filter settings are unnecessary. T-POD 
and C-POD store acoustic data internally, so they must be recovered before data analysis 
can begin. 
Seven C-PODs were deployed at the Moneypoint Jetty together with the T-PODs from 
June to September 2009 (Table 2.3). C-POD 171 only worked for 19 hours. 
 
Table 2.3 T-POD and C-POD deployment data during the observation periods 2008 and 2009 
in the Shannon Estuary 
Device No.  Deployment 
Date 
Recovery Date Deployment 
duration  
No of days 
worked 
T-POD 645 02.07.2008 06.07.2008 4 d 4 d 
T-POD 646 02.07.2008 29.07.2008 27 d 27 d 
T-POD 646 11.08.2008 31.08.2008 20 d 20 d 
T-POD 653 18.08.2008 31.08.2008 13 d 13 d 
C-POD 164 15.06.2009 16.07.2009 31 d 31 d 
C-POD 164 16.07.2009 29.09.2009 74 d 74 d 
C-POD 549 18.06.2009 16.07.2009 28 d 28 d 
C-POD 167 16.06.2009 16.07.2009 30 d 30 d 
C-POD 171 18.06.2009 19.07.2009 0 d 19 h 
C-POD 547 18.06.2009 16.07.2009 28 d 28 d 
C-POD 546 18.06.2009 16.07.2009 28 d 28 d 
C-POD 548 18.06.2009 16.07.2009 28 d 28 d 
T-POD 324 15.06.2009 15.07.2009 29 d 28 d 
T-POD 505 15.06.2009 07.07.2009 21 d 21 d 
 
They were serviced and downloaded using CPOD.exe v1.051. Two types of files are 
created when data are downloaded to the PC; CP1 files contain all the clicks logged 
whereas CP3 files contain only those clicks that are identified as in a train (Figure 2.2). 
The train detection classifies trains of clicks within the raw data of the CP1 file and creates 
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a CP3 file holding information only on those clicks that are identified as in a train. DPM/h 
was used as the detection positive time unit for further analysis. Only trains of “hi” and 
“mod” quality were used to identify dolphin trains in the species class “Dolphin”. Trains of 
“hi” and “mod” quality that were logged using the species class “Porpoise” were also 
considered to see how the C-POD performed on species classification (Figure 2.3). 
In a second step, data were analysed including “low” and “doubtful” trains to see if the C-
POD missed dolphins due to filter classification. 
  
 
Figure 2.2 Graphical display of CPOD.exe showing the raw data in the CP1 file (below) and 
the processed data after train detection as CP3 file (above) 
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Figure 2.3 C-POD menu showing the different parameters and train filter (“Hi”, “Mod”, 
“Porpoise” and “Dolphins”) options 
 
 
POD calibration 
Due to differences in sensitivity among and between different versions of T-PODs, it is 
recommended that operators calibrate devices prior to deployment (Verfuss et al. 2007, 
Kyhn et al. 2008). The calibration process allows the adjustment of the T-POD to a 
standard sensitivity facilitating comparability among T-POD studies (Verfuss et al. 2010).  
In the present study, a C-POD field calibration exercise was conducted in the Shannon 
Estuary between 18 June and 16 July 2009. Seven C-PODs (IDs 164, 167, 171, 546, 547, 
548 and 549) were deployed close together. Data were extracted as Detection positive 
minutes (DPM) per day using the filters “hi” and “mod”. The results showed (Table 2.4) 
that C-POD 164 recorded the most detections and was therefore used (as reference POD) 
against which the other devices were corrected.  
A correction factor (for details see Berrow et al. 2009) was applied to correct accordingly 
for detections. No calibration trials were conducted for T-PODs. 
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Table 2.4 Summary of acoustic data logged by C-PODs during the calibration exercise in 
2009 
C-POD No.  Deployment 
duration 
Total 
DPM/day 
Mean 
DPM/hr 
547 31 days 369 0,495 
546 31 days 297 0,399 
548 31 days 522 0,701 
549 31 days 539 0,724 
167 31 days 639 0,858 
164 31 days 764 1,026 
171 31 days 6 0,008 
 
 
 
Hydrophone  
Acoustic samples were recorded between July and August 2008, and between June, July 
and September 2009. Due to poor weather conditions and hydrophone failure, no data were 
collected in August 2009. Samples were taken during daylight hours between 8:00 and 
20:00. The vocalizations in this study were recorded using an underwater hydrophone 
(MAGREC HP 30), operating between 200 Hz and 20 kHz, which was fixed to a mooring, 
1 m above the seabed, at a depth of 10-12 m and approximately 100 m from shore off 
Moneypoint, Co. Clare (Berrow et al. 2006). The hydrophone cable ran ashore where the 
signal passed through a high pass filter to remove some low frequency ambient noise. This 
filter box also enabled headphones and PC to be connected. The recording equipment was 
set up in a hut providing storage capacity and power supply which was generated by a 
wind turbine and solar panels units. Continuous recordings (sampling rate 44 kHz, 16 bit) 
were saved onto a PC as wav.files and were later analysed using signal processing software 
(Adobe Audition1.5). The collected acoustic samples were visually inspected to identify 
where and when detections (using whistles) occurred.   
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Simultaneous SAM and visual observations 
This part of the analysis was based on the simultaneous recordings of visual and acoustic 
observations. For 2008 visual observations were compared to T-POD and hydrophone 
recordings, whereas in 2009, visual data were compared to T-POD, C-POD and 
hydrophone detections. Out of the 19 observation days in 2009, the hydrophone was only 
working for 12 days due to a breakdown resulting in a limited data set. For each of the 
sample days, detection positive minutes from visual, C-POD, T-POD and hydrophone were 
noted and calculated as DPM/h. The percentage of DPM/h was then calculated dividing the 
number of DPM/h by the total number of time units of the corresponding observation 
period.  
Statistical analysis 
Data were tested for normal distribution using the Kolmogorov-Smirnov-test. Non-
parametric statistical procedures were adopted for analyses since the data were not 
normally distributed. To compare the detections between acoustic and visual observation 
methods, a non-parametric Wilcoxon-test for two dependant samples was used as data 
were not normally distributed.  
A significance level of p<0.05 was chosen but since the data sets have been used more than 
one time for various inter-comparisons, the Bonferroni correction was applied to correct 
accordingly for the p-level.  
Bonferroni correction p' = p / m 
 
p = significance level of 0.05 
m= number of tests 
A non-parametric Wilcoxon-test for two dependant samples was also carried out to test for 
differences in the number of detections recorded by visuals and acoustics between years.  
The relationship between visual and acoustic detections was examined using a non-
parametric Spearman-Rank-test for correlation analysis.  
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2.3. Results 
The results were very consistent between years. During the 117 hours of visual and 
acoustic monitoring in 2008, 80% had no visual (sighting) or acoustic (vocalization) 
detections, 17% had both visual and acoustic detections, 3% had visual but no acoustic 
detections and only 0.03% had acoustic without visual detections (Table 2.5).  
During 135 hours of data recording in 2009, 74% had no visual or acoustic detections, 19% 
had both visual and acoustic detections, 5% had visual but no acoustic detections and 2% 
had acoustic without visual detections (Table 2.5). 
A total of 252 hours of observations were conducted visually and acoustically during 2008 
and 2009. Dolphins were observed on 17 days in 2008 and on 19 days in 2009. Overall, the 
T-POD, C-POD and hydrophone, respectively, recorded vocalizations of bottlenose 
dolphins in 0.2%, 1.3% and 3.3% of all observation time. Dolphins were detected visually 
in 8.9% of all observation time. 
 
 
Table 2.5 showing the percentage of each category over the observation time (in hours) 
during 2008 and 2009. Detection positive minutes (DPM per hour) was chosen as the unit 
Category % of category over 
observation time in 
2008 
% of category over 
observation time in 
2009 
No acoustic detections, no visual 
detections 
80 74 
Acoustic detections, visual detections 17 19 
Visual but no acoustic detections 3 5 
Acoustic but no visual detections 0 (0,03) 2 
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Data set 2008 
During the 17 observation days (117 hours) dolphins were seen on 34 occasions, 8.3% of 
the observation time, with an average (± SD) sighting duration of 39±32 minutes. 
 T-POD 
Over the visual observation period, acoustic data were recovered from three different v5 T-
PODs. Dolphins were recorded for a total of 0.03 DPM/h (2 total DPMs), which was only 
0.03% of the total observation time. Of the 34 occasions where dolphins were present, 71% 
were within 500 m, 18% within 500 m – 1000 m, 3% within 1000 m – 1500 m and 9% 
within 1500 m – 2000 m of the T-POD. The T-PODs failed to record dolphins on any of 
the 34 occasions when they were sighted within 500 m of the mooring (Figure 2.4). On one 
occasion (18.07.2008), when dolphins were at a distance of 100 m, a single detection 
positive event was classified as “doubtful”, thus not identified as an event with high and 
low probability dolphin trains. During all the other dolphin positive visual sightings that 
were not categorised as “hi” and “low” by the T-POD, clicks were also absent in the filter 
categories “doubtful” and “very doubtful”. 
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Figure 2.4 Detection positive minutes recorded visually and acoustically at different distances 
from T-POD and hydrophone in 2008.  
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Hydrophone 
Dolphins were recorded by the hydrophone for a total of 3.7 hours (219 total DPMs) 
(Table 2.6) which accounted for 3.1% of the recording time.  
 
Table 2.6 Summary of the monitoring duration, number of detection positive minutes and 
calculated DPM per hour (%) for T-POD, hydrophone and visual data for 2008 over the 
corresponding observation period 
Date Duration Visual TPOD Hydrophone 
 min min DPM/h (%) min DPM/h (%) min DPM/h (%) 
02.07.2008 476 35 0.58 (7.35%) 0 0 4 0.07 (0.84%) 
03.07.2008 119 3 0.05 (2.52%) 0 0 2 0.03 (1.68%) 
04.07.2008 348 36 0.60 (10.34%) 2 0.03 (0.51%) 0 0 
07.07.2008 673 25 0.42 (3.71%) 0 0 14 0.23 (2.08%) 
08.07.2008 555 62 1.03 (11.17%) 0 0 33 0.55 (5.95%) 
09.07.2008 396 83 1.38 (20.96%) 0 0 4 0.07 (1.01%) 
13.07.2008 190 48 0.80 (25.26%) 0 0 1 0.02 (0.53%) 
14.07.2008 340 38 0.63 (11.18%) 0 0 8 0.13 (2.35%) 
16.07.2008 474 58 0.97 (12.24%) 0 0 57 0.95 (12.02%) 
17.07.2008 420 16 0.27 (3.81%) 0 0 1 0.02 (0.24%) 
18.07.2008 419 3 0.05 (0.72%) 0 0 17 0.28 (4.06%) 
24.07.2008 488 83 1.38 (17.01%) 0 0 33 0.55 (6.76%) 
25.07.2008 478 7 0.12 (1.46%) 0 0 0 0 
15.08.2008 398 10 0.17 (2.51%) 0 0 0 0 
18.08.2008 437 4 0.07 (0.91%) 0 0 20 0.33 (4.58%) 
20.08.2008 378 63 1.05 (16.67%) 0 0 18 0.30 (4.76%) 
27.08.2008 445 12 0.20 (2.70%) 0 0 7 0.12 (1.57%) 
Total 7034 586 9.77 (8.33%) 2 0.03 (0.03%) 219 3.65 (3.11%) 
 
From the 34 visual sightings, 68% (n=23) were detected by the hydrophone. The remaining 
32% (n=11) were not detected acoustically by the hydrophone. The sightings that had not 
been detected acoustically on the hydrophone had an average duration of 26±27 minutes, 
with group size ranging from 1-8 animals. Seven of these sightings were within 500 m and 
four were up to 1000 m (in 700 m and 1000 m) away from the acoustic mooring. From the 
23 sightings that were detected by the hydrophone, 74% were within 500 m and 26% 
between 700 m and 2000 m (Figure 2.5). 
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Figure 2.5 Number of events with and without dolphin detections logged at different 
distances by the hydrophone in 2008 
 
The percentage of DPM/h were normally distributed for visual and hydrophone 
(Kolmogorov-Smirnov-test visual: p>0.05; hydrophone: p>0.05) but not for T-POD data 
(T-POD: p<0.000). Thus, a non-parametric Wilcoxon-test was carried out which showed a 
significant difference between the visual and acoustic detection rates (Wilcoxon-test 
hydrophone: p<0.004; T-POD: p<0.000). The hydrophone recorded significantly more 
vocalizations than the T-POD (Wilcoxon-test p<0.001). The obtained significance levels 
were less than that suggested by the Bonferroni correction (p<0.025; Table 2.7). 
 
Table 2.7 Bonferroni correction  
Significance level p Number of tests Bonferroni correction p' 
0.05 2 0.025 
0.05 3 0.017 
0.05 4 0.013 
 
 
There was a significant difference between visual and acoustic detections recorded by the 
T-POD and the hydrophone for sightings within the 500 m range (Wilcoxon-test 
hydrophone: p<0.01; T-POD: p<0.000). The data from the two devices were tested 
separately. Again, the significance levels were all less than that resulting from the 
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Bonferroni correction (p<0.025). Acoustic detection positive minutes per observation day 
were used to examine the performance of the hydrophone in relation to visual DPMs 
showing no significant relationship (Spearman Rank c=0.36, p=0.076, Figure 2.6). The 
regression analysis revealed that the visual detection rate was higher than the detection rate 
of the hydrophone.  
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Figure 2.6 Regression analysis showing the relationship between DPMs per day for visuals 
and hydrophone (y = 0,7784x + 24,443) in 2008 
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Data set 2009 
During the 19 days (135 hours) of visual observations dolphins were seen on 53 occasions, 
9.5% of the observation time, with an average (±SD) sighting duration of 37±30 minutes. 
Over the visual recording period, acoustic data were recovered from two different v5 T-
PODs, seven C-POD units and a hydrophone (Table 2.8).  
 
Table 2.8 Summary of the recording duration and number (%) of Detection positive minutes 
per hour (DPM/h) for T-POD, C-POD, hydrophone and visual observations for 2009 over the 
corresponding observation period  
Date Duration Visual TPOD Hydrophone C-POD 
 min min DPM/h (%) min DPM/h (%) min DPM/h (%) min DPM/h (%) 
15.06.2009 472 19 0.32 (4.03) 0 0 (0) 7 0.12 (1.48) 0 0 (0) 
16.06.2009 423 20 0.33 (4.73) 0 0 (0) 35 0.58 (8.27) 0 0 (0) 
17.06.2009 365 2 0.03 (0.55) 0 0 (0) 0 0 (0) 0 0 (0) 
18.06.2009 300 10 0.17 (3.33) 0 0 (0) 8 0.13 (2.67) 0 0 (0) 
22.06.2009 594 33 0.55 (5.56) 4 0.07 (0.67) 14 0.23 (2.36) 0 0 (0) 
23.06.2009 555 46 0.77 (8.29) 0 0 (0) 7 0.12 (1.26) 4 0.07 (0,72) 
24.06.2009 553 44 0.73 (7.96) 1 0.02 (0.18) 5 0.08 (0.90) 13 0.22 (2.35) 
25.06.2009 438 40 0.67 (9.13) 1 0.02 (0.23) 0 No data 3 0.05 (0.68) 
30.06.2009 522 104 1.73 (19.92) 4 0.07 (0.77) 0 No data 11 0.18 (2.11) 
01.07.2009 423 12 0.20 (2.84) 2 0.03 (0.47) 0 No data 0 0 (0) 
02.07.2009 425 53 0.88 (12.47) 1 0.02 (0.24) 0 No data 7 0.12 (1.65) 
08.07.2009 400 46 0.77 (11.50) 2 0.03 (0.50) 0 No data 12 0.20 (3.00) 
09.07.2009 410 73 1.22 (17.80) 3 0.05 (0.73) 0 No data 19 0.32 (4.63) 
10.07.2009 390 40 0.67 (10.26) 2 0.03 (0.51) 0 No data 16 0.27 (4.10) 
14.07.2009 491 100 167 (20.37) 0 0 (0) 46 0.77 (9.37) 14 0.23 (2.85) 
07.09.2009 319 16 0.27 (5.02) 0 No data 0 0 (0) 0 0 (0) 
11.09.2009 370 22 0.37 (5.95) 0 No data 0 0 (0) 0 0 (0) 
15.09.2009 117 16 0.27 (13.68) 0 No data 0 0 (0) 0 0 (0) 
16.09.2009 518 72 1.20 (13.90) 0 No data 54 0.90 (10.42) 5 0.08 (0.97) 
Total 8085 768 12.80 (9.50) 20 0.33 (0.30) 176 2.93 (3.47) 104 1.73 (1.29) 
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T-POD 
10 (22%) of the remaining 45 sightings where dolphins were visually observed were also 
recorded by the T-POD on the dolphin channel using “cet all”. Dolphins were recorded for 
a total of 20 detection positive minutes (0.33 DPM/h) accounting for 0.3% of the 
observation time. In 8 cases of the 53 visual sightings no data were recorded because either 
the device stopped recording or it was not yet deployed.  
Out of the 10 dolphin detections only a single event was also logged on the porpoise 
settings. However, for two sightings where dolphins were not registered by the T-POD but 
observed visually, detections occurred on the porpoise channels. Two more sightings were 
detected on the porpoise settings: one classed as “doubtful” and one as “very doubtful”. 
Including the “doubtful” (n=3) and “very doubtful” (n=3) detections logged on the dolphin 
channels further reduced these visual events that were positive for dolphins but negative 
for acoustic detections on the T-POD.  
The regression visual against T-POD detections did not reveal a significant relationship 
(Spearman Rank c=0.32, p>0.26; Figure 2.7) 
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Figure 2.7 Detection positive minutes per day of T-POD (y = 7,66x + 33,6) in relation to visual 
observations in 2009.   
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C-POD 
Out of the 51 dolphin positive sightings in 2009, 27 (53%) were detected and classified as 
“dolphin” by the C-POD. For three sightings where dolphins were recorded visually and by 
the C-POD, detections also occurred on the porpoise channels: two cases were classified as 
“cet all”, one as “doubtful”. As for the T-POD, allowing dolphin detections in the filter 
class “low” (n=2) and “doubtful” (n=3) to be included, resulted in more sightings that were 
detected acoustically by the C-POD. A total of 104 detection positive minutes (1.7 DPM/h) 
were logged from the C-POD in 2009, 1.3% of the observation time (Table 2.8).  
The regression analysis for detection positive minutes per day for visual against acoustic 
detections indicated a positive relationship for C-POD (Spearman Rank c=0.82, p<0.001; 
Figure 2.8).  
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Figure 2.8 Detection positive minutes per day of C-POD (y = 3,2523x + 22,619) in relation to 
visual observations in 2009 
 
Filter and species classification 
Table 2.9 shows all the 53 visual sightings with acoustic detections logged on T-POD, C-
POD and hydrophone considering the two different species, harbour porpoise (HP) or 
dolphin (DOL) and quality (T-POD: “cet all”=trains of high and low probability, 
“doubtful” and “very doubtful” trains; C-POD: “cet all”= trains of high and moderate 
probability, “low” and “doubtful”) filters. During five sightings none of the acoustic 
devices had acoustic detections.  
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Table 2.9 Simultaneous visual and SAM data from 2009 showing whether visual sightings 
were also detected by T-POD (ID 324), C-POD (ID 164) and hydrophone considering 
different filter and species classes for T-POD and C-POD   
 
Date No sighting TPOD CPOD Hydrophone 
15.06.2009 1 Not deployed Not deployed Detection 
  2 Not deployed Not deployed No detection 
  3 No detection  No detection  No detection 
16.06.2009 4 No detection No detection Detection 
  5 No detection No detection Detection 
  6  HP "doubtful" DOL "doubtful" Detection 
  7 No detection DOL "doubtful" Detection 
17.06.2009 8 No detection  No detection  No detection 
18.06.2009 9 No detection  No detection  No detection 
  10 No detection No detection Detection 
22.06.2009 11 No detection No detection Detection 
  12 No detection  No detection  No detection 
  13 DOL „cet all“ DOL "doubtful" Detection 
23.06.2009 14 No detection DOL „cet all“ No detection 
  15 No detection No detection Detection 
  16 DOL "doubtful" DOL „cet all“ Detection 
  17 No detection DOL "low" Detection 
24.06.2009 18 DOL „cet all“ DOL „cet all“ Detection 
  19 HP "very doubtful” DOL „cet all“ Detection 
  20 No detection  No detection  No detection 
  21 No detection  DOL "low"  No detection 
25.06.2009 22 No detection  No detection  Not deployed 
  23 HP “cet all” DOL „cet all“ Not deployed 
  24 No detection  No detection  Not deployed 
30.06.2009 25 DOL „cet all“ DOL „cet all“ Not deployed 
  26 DOL „cet all“ DOL „cet all“ Not deployed 
  27 DOL „cet all“ DOL „cet all“ Not deployed 
  28 No detection DOL „cet all“ Not deployed 
  29 DOL „cet all“ DOL „cet all“ Not deployed 
01.07.2009 30 DOL „cet all“ No detection Not deployed 
02.07.2009 31 DOL "very doubtful" DOL „cet all“  Not deployed 
  32 DOL "doubtful" DOL „cet all“ (+HP „doubtful“) Not deployed 
  33 No detection DOL „cet all“ Not deployed 
08.07.2009 34 No detection DOL „cet all“ (+HP „cet all“) Not deployed 
  35 DOL „cet all“ DOL „cet all“ Not deployed 
09.07.2009 36 DOL "doubtful" DOL „cet all“ (+HP „cet all“) Not deployed 
  37 DOL "cet all” DOL „cet all“ Not deployed 
  38 No detection DOL „cet all“ Not deployed 
10.07.2009 39 DOL „cet all“ DOL „cet all“ Not deployed 
  40 HP „cet all“ DOL „cet all“ Not deployed 
  41 DOL "very doubtful" DOL „cet all“ Not deployed 
  42 DOL "very doubtful" DOL „cet all“ Not deployed 
14.07.2009 43 No detection DOL „cet all“ Detection 
  44 No detection DOL „cet all“ Detection 
  45 No detection DOL „cet all“ Detection 
  46 No detection DOL „cet all“ Detection 
  47 No detection DOL „cet all“ Detection 
07.09.2009 48 Not deployed No detection  No detection 
  49 Not deployed No detection  No detection 
11.09.2009 50 Not deployed No detection  No detection 
15.09.2009 51 Not deployed No detection  No detection 
16.09.2009 52 Not deployed No detection Detection 
  53 Not deployed No detection Detection 
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Hydrophone 
20 (62.5%) out of the 32 sightings were logged by the hydrophone. 37.5% of the sightings 
were not detected acoustically and the average duration of these was 38±22 minutes with a 
school size of 6-8 dolphins. Two of those schools were within 500 m and the remaining 
three were sighted further away than 1000 m.  
Due to hydrophone failure, acoustic data were only collected by this device over 12 days 
with 32 dolphin positive sightings. Dolphins were recorded for a total of 176 detection 
positive minutes, which accounted for 3.5% of the visual observation time while the 
hydrophone was working. This means that the efficiency of the hydrophone calculated 
above is as a proportion of the visual sampling time over that 12 day period. The 
regression analysis for detection positive minutes per day for visual against acoustic 
detections indicated a positive relationship for the hydrophone (Spearman Rank c=0.61, 
p<0.02; Figure 2.9).  
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Figure 2.9 Detection positive minutes per day of the hydrophone (y = 1,1182x + 16,933) in 
relation to visual observations in 2009.   
 
 
Of the 53 occasions where dolphins were observed, 79% were within 500 m of the T-POD, 
C-POD and hydrophone, and 19%, 51% and 81% of those encounters, respectively, were 
detected acoustically (Figure 2.10).  
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Figure 2.10 Detection positive minutes recorded visually and acoustically by T-POD, C-POD 
and hydrophone at different distances  
 
There was a significant difference between visual and acoustic detections logged by all 
three devices for sightings within the 500 m range (Wilcoxon-test hydrophone: p<0.001; T-
POD: p<0.000; C-POD: p<0.000) even after applying the Bonferroni correction (p<0.017; 
Table 2.7). As in 2008, the data for the T-POD, C-POD and hydrophone were analysed 
separately. 
Comparison of detection efficiency of the SAM equipment (2009) 
The T-POD, C-POD and hydrophone, respectively, detected dolphins acoustically in 0.3%, 
1.3% and 3.5% of all observation times (135 hours, 85 hours for the hydrophone). 
Visually, the animals were recorded during 9.5% of the overall survey period. The visual 
detection rate during the total observation time was significantly higher compared to the 
acoustic detection rate of all the three acoustic devices (Wilcoxon-test hydrophone: 
p<0.010; T-POD: p<0.001; C-POD: p<0.000, Bonferroni correction p<0.017; Table 2.7).   
There was a significant difference in the % of DPM/h between T-POD and C-POD 
(Wilcoxon-test p<0.008, Bonferroni correction p<0.017; Table 2.7) giving a higher 
detection rate for the C-POD. There was also a statistical difference in detections between 
T-POD and hydrophone (Wilcoxon-test p<0.020) as well as between C-POD and 
hydrophone (Wilcoxon-test p<0.025). However, applying the Bonferroni correction did not 
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reveal a significant relationship for the latter two inter-comparisons (p<0.017; Table 2.7) in 
2009.  
During the 24 samples over 12 observation days where T-POD, C-POD and hydrophone 
were operating, there was only one event where dolphins were detected acoustically by all 
three devices. Six sightings (25%) were not detected by any of the acoustic devices (T-
POD, C-POD and hydrophone). Looking at the detection performance of each acoustic 
survey method individually, the T-POD did not detect acoustically 73% (n=33), C-POD 
47% (n=24) and the hydrophone 37% (n=12) of the sightings.  
Comparison of detection efficiency of the SAM equipment for both years 
Comparing the % of DPM/h for each method between both years, there was a significant 
difference between detections logged by the T-POD (Wilcoxon-test p<0.04) showing a 
higher detection rate of DPM/h for the T-POD in 2009. However, the obtained p-level was 
greater than the Bonferroni correction revealing no significant difference in the % of 
DPM/hr for the T-POD. There was no difference in the % of DPM/h for the hydrophone 
(Wilcoxon-test p>0.53) and the visual observation method (Wilcoxon-test p>0.86) (Figure 
2.11).  
 
Figure 2.11 % of DPM/h for TPOD, CPOD, hydrophone and visuals for 2008 (A) and 2009 
(B) as Box Whisker Plot showing the 5, 25, 50, 75 and 95% percentile of the % DPM/h.   
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In summary: 
 A significant difference was found between visual and acoustic detection rates for 
T-POD and hydrophone in 2008 resulting in higher visual detection rates compared 
to T-POD and hydrophone. The detection rate for the hydrophone was higher 
compared to that of the T-POD.  
 For sightings within 500 m, a significant difference was found between detection 
rates obtained from visual observations compared to T-POD and hydrophone. The 
T-POD recorded less detections than the hydrophone, and the latter did not log as 
many detections as the visual method.  
 In 2009, a significant difference was also found between visual and acoustic 
detection rates for all three devices (T-POD, C-POD and hydrophone) resulting in 
higher detection rates for visuals compared to hydrophone, C-POD and T-POD. 
The C-POD detected less than the hydrophone but logged more detections 
compared to the T-POD. 
 At a distance less than 500 m, the % of DPM recorded visually was higher 
compared to the acoustical methods. And again, the hydrophone registered more 
than the C-POD and higher detection rates were found for the C-POD than for the 
T-POD. 
 Looking at the comparison between years, there was a significant variation for T-
POD detections with a higher detection rate for this device in 2009. Hydrophone 
and visual detection rates, however, did not reveal a significant difference in 
dolphin encounters between years.  
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2.4. Discussion 
The aim of this part of the study was to compare the efficacy of SAM (using T-POD, C-
POD, and hydrophone) and visual land-based monitoring for detecting bottlenose dolphins 
in the Shannon Estuary. 
While visual surveys were affected by sighting conditions, acoustic monitoring is an 
effective method of collecting data continuously for several weeks without limitations 
from light or weather conditions. At the same time, SAM (using T-POD and C-POD) may 
be a cost effective and not labour intensive method of data acquisition, avoiding observer 
bias and disturbance to the animals (Ingram et al. 2004).  
SAM using T-PODs, C-PODs and hydrophone did detect bottlenose dolphins that were 
vocalizing however the acoustic detection rate was only 29.2% (hydrophone), 15.3% (C-
POD) and 1.6% (T-POD) of the visual method.  
Bottlenose dolphins were present in the Shannon Estuary as revealed by visual and 
acoustic observations using hydrophone recordings. Both methods provided consistent 
detections for 2008 and 2009; for visuals 8.3% of DPM/h in 2008 and 9.5% of DPM/h in 
2009, and 3.1% of DPM/h in 2008 and 3.5% of DPM/h in 2009 for the hydrophone. In 
good-excellent weather conditions and during daytime, the dolphin detection rate was 
significantly higher for the visual observation method as compared to the acoustic method 
(hydrophone).  
Looking at the proportion of the year where visuals can be used (days with sea state <2), 
we calculated the proportion of the total days per year where visual were used and detected 
dolphins. Assuming 50 days with sea state <2 (resulting in 50 x 12 hours = 600 hours) and 
a visual detection rate of 8.3%, we obtained a detection rate of 50 hours per year using the 
visual method. For the C-POD and the hydrophone, the observation time is 8760 hours 
(=365 days x 24 hours) resulting in a detection rate of 113 hours per year for the C-POD 
(with a detection rate of 1.3%) and 272 hours per year for the hydrophone (with a detection 
rate of 3.1%) (assuming that SAM is consistent on 365 days during 24 hours). 
Comparing the T-POD data from both years demonstrated a variation in bottlenose dolphin 
detections with more echolocation events registered in 2009 (0.30% of DPM/h) than 2008 
(0.03% of DPM/h) for this acoustic device. All the 10 (22%) dolphin sightings that were 
recorded by the T-POD were logged on dolphin channels. However, two dolphin sightings 
that were not recorded by the T-POD but sighted visually were logged on harbour porpoise 
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frequency settings. These findings suggest that the T-POD “missed” only two sightings 
due to misclassification of dolphin echolocation clicks on harbour porpoise channels. 
Considering all filter classes (including “doubtful” and “very doubtful” click trains) further 
reduced the “false negatives”, those cases where dolphins were not recorded by the T-POD 
although observed visually. Comparison of C-POD and T-POD data in 2009 revealed a 
significant variation in bottlenose dolphin detections between both devices. The T-POD 
did not log all the echolocation events even though detected by the C-POD. The latter 
registered 27 (53%) of the visually observed dolphin groups resulting in a significantly 
higher detection rate as compared to the T-POD. Other than the T-POD, the C-POD did 
record all the detections that had been logged on the porpoise frequency channel also on 
the dolphin settings. This means that these “wrongly” classified dolphins were still 
recorded as dolphins and hence not missed due to misclassification which was, indeed, the 
case with T-POD data. As to the T-POD, more sightings that were confirmed visually were 
recorded including the filter classes “low” and “doubtful” demonstrating that the number 
of “false negatives” can be reduced by applying the different filter classes.  
Over the two years of data, 16 groups (out of 58) of bottlenose dolphins were logged 
visually but not acoustically by any of the SAM devices. Nine of these schools were seen 
within an estimated distance of 500 m from the acoustic equipment. The suggested 
detection range of T-PODs for bottlenose dolphins in the Shannon Estuary is 
approximately 1200 m (Philpott et al. 2007) and for the hydrophone system up to 1500 m 
(Berrow et al. 2006) and 2355 m (this study; Chapter 3) so that the animals should have 
been detected acoustically if phonating. This indicates that bottlenose dolphins were not 
detected by the SAM devices every time the animals did occur in the study area. Although 
acoustic methods can show a high false negative rate, they can still provide consistent data 
on the presence of the animals in specific local area.   
The detection performance of any acoustic monitoring system is affected by a number of 
factors including detection distance, sensitivity and vocal behaviour of the target species. 
Frequent vocalization is essential for effective detection by acoustic monitoring systems. If 
the dolphins are silent for a long time period and are not echolocating the animals will 
evade detection (Akamatsu et al. 2008); if acoustics are used as a monitoring tool one 
assumption is that sound production has to be consistent.  
Dolphins seem to phonate less frequently than harbour porpoises that are regarded as a 
highly vocal species (Akamatsu et al. 2007). Gannon et al. (2005) found that bottlenose 
 35 
dolphins off the west coast of Florida try to find their prey by passive listening, but then 
use echolocation to investigate their prey. They further discussed the ecological cost of 
dolphin echolocation such as the possibility that prey species might detect and avoid 
echolocation signals, the differences between echolocation and passive listening with 
regard to energetic costs, and whether there is a cost of alerting conspecifics. Low 
echolocation activity was documented from foraging bottlenose dolphins in the Sado 
Estuary, Portugal (dos Santos and Almada 2004). They analysed hydrophone recordings of 
1-minute samples and found that 23% of these samples had zero echolocation clicks 
suggesting that dolphins try to find their prey mostly in silence. The present study showed 
that 58% of the sightings in 2009 were neither logged by T-POD nor C-POD, but by the 
hydrophone (as the recordings had whistle detections), suggesting that dolphins rather may 
have been whistling than echolocating; and this may be correlated to the behaviour of the 
animals. These results indicate that variations in the echolocation behaviour of dolphins 
using that area may influence detection probability. Jones and Sayigh (2002) also noted 
that echolocation production of bottlenose dolphins in Sarasota Bay, Florida, varies 
between sites, behaviour and group size.  
The performance of an acoustic monitoring system is further influenced by the 
characteristics (source level, directionality) of a signal. In noisy environments, sounds with 
low source levels can only be registered when the animal is close to the recording 
equipment. Bottlenose dolphin echolocation signals are highly directional and the sound 
pressure levels change depending on the relative angle of the animal towards an acoustic 
system (Au 1993). However, dos Santos and Almada (2004) were able to record sonar 
signals from bottlenose dolphins even though the animals were facing away from the 
hydrophone showing that the sensitivity of the acoustic system has also to be taken into 
consideration. 
Of the three acoustic devices, the hydrophone proved to be a better match to the visual data 
compared to T-POD and C-POD data. However, looking at the effort of the different 
acoustic monitoring methods, the hydrophone was expensive and labour intensive. The 
recording equipment used in this study was simple to use but quite costly (hydrophone kit: 
10.000€). The audio files sampled with the hydrophone required an external hard drive 
where all the acoustic material was saved. This survey method also necessitated a land 
based station to provide the power supply which was generated by a solar power unit (10.-
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15.000€). The analysis of hydrophone files required a lot of time and effort compared to 
the C-POD/T-POD as there was no software to extract vocalizations; the detection process 
was done by eye, thus, it was very time consuming, tedious, and observer biased. For such 
volume of data involved, an automated detection system such as the PODs is 
indispensable. The automated click train detection system, the key output of T-POD and C-
POD, on the other hand, allowed a relatively fast and efficient data analysis. Especially for 
the purpose of long-term data analysis, an automated detection system is essential. 
Furthermore, T-POD and C-POD can store the huge amount of data internally and are 
powered by alkaline D-cells allowing long periods of autonomous operation. 
In conclusion, visual and acoustic (using the hydrophone) observation methods detected 
consistently bottlenose dolphins over the two years with higher detection rates for the 
visual method. This is most likely due to the fact that observations were made during 
daylight and in good sighting conditions (sea state < 2).  
Each method has some unique aspect but in terms of the original objective, monitoring the 
presence of bottlenose dolphins, the C-POD is the promising tool for a cost efficient long-
term monitoring. These acoustic devices sample continuously for long periods of time, 
allowing assessment of seasonal changes in distribution and acoustic behaviour of animals 
without the disturbance that occurs where boats or aircrafts are used (van Parijs et al. 
2009). Unlike visual observations, static acoustic methods can monitor in darkness and 
during adverse weather conditions. For species that are difficult to detect visually, such as 
finless or harbour porpoises, SAM techniques may be the only appropriate approach for 
species abundance estimation. 
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3. Detection distances of the C-POD and hydrophone 
3.1. Introduction 
In order to use SAM (Static Acoustic Monitoring) methods in studies of the distribution, 
abundance and habitat use of cetaceans for species conservation management, it is crucial 
to determine the detection ability of the acoustic equipment (Akamatsu et al. 2001, 
Akamatsu et al. 2008). It is essential to know the range over which the acoustic device 
effectively detects the target species in order to know the area being monitored and the 
number of units required for covering an area. Detection probability and range are affected 
by sound source levels, distance to the acoustic device, and vocalization rate (Wang et al. 
2005, Tougaard et al. 2006). McDonald and Fox (1999) calculated the distance to calling 
fin whales from a single fixed hydrophone off the north coast of Oahu, Hawaii, using 
transmission loss and multi-path methods. Using different models for sound production, 
propagation and detection, Stafford et al. (2007) derived the detection range for baleen 
whales.  
A number of studies have looked at detection distance for various cetaceans including 
harbour porpoises (Tougaard et al. 2006), bottlenose dolphins (Philpott et al. 2007, Bailey 
et al. 2010) and Hector‟s dolphins (Rayment et al. 2009b) using T-PODs.  
Matching theodolite and T-POD data resulted in an effective detection radius of 107 m for 
harbour porpoises, with detection probability decreasing rapidly at greater distances 
(Tougaard et al. 2006).  
Philpott et al. (2007) calculated the distance between the closest bottlenose dolphin in a 
school and a T-POD (v3) with the theodolite. Simultaneous visual and acoustic detections 
of dolphin schools were used to measure acoustic detection distance of the T-POD. 
Echolocation encounters logged during land based observation periods were used to match 
up visual and acoustic data. The nearest observed distance for each school was used in 
order to determine a conservative estimate for the detection range of the T-POD. They 
reported a range of over 1200 m for a single school. However, the author was unable to 
exclude the possibility that the detection might have been caused by an unobserved group 
at closer distance especially since the author was the only observer during the field trials. 
Rayment et al. (2009b) also used the theodolite tracking technique to match acoustic 
detections of Hector‟s dolphins with the times of theodolite readings, taking measurements 
from the centre of a dolphin group. They had two observers on site, one for theodolite 
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operation while the other person recorded group position and group size. They defined the 
maximum detection distance as the maximum distance between a focal dolphin group and 
the T-POD (v3), corresponding to an acoustic detection on T-POD recording within 10 
seconds of the theodolite reading. They found a maximum detection distance of 431 m 
between a Hector's dolphin group and the T-POD. They also estimated the effective 
detection radius (EDR), which is the range at which all dolphin groups are expected to be 
detected. This was estimated at between 198-239 m depending on the clicks used in 
determining detection.  
In this study we used two types of SAM gear, C-POD and hydrophone. The C-POD is the 
digital successor of the T-POD and records the occurrence of cetacean echolocation clicks. 
With its frequency range between 20 kHz and 150 kHz it is able to detect the broadband 
clicks emitted by bottlenose dolphins. C-PODs provide information about frequency, 
duration, amplitude and bandwidth of the received sound (www.chelonia.uk.com).  
To ensure that conservation measures, like the assignment of SACs, are functioning, 
monitoring of population abundances and changes is essential. Estimating abundance using 
conventional techniques such as visual surveying requires a great deal of effort. New 
methods should be developed to allow distance sampling techniques to be applied to static 
acoustic monitoring. One key problem, however, is the estimation of detection probability 
of an animal. In order to estimate the detection probability the distance at which the 
vocalization is produced is needed (Marques et al. 2009). 
This chapter describes the first trial to investigate the detection distance of C-PODs for 
acoustic monitoring of bottlenose dolphins in the Shannon Estuary. C-POD and 
hydrophone detections were validated by simultaneous visual observations using a 
theodolite. The detection range of the hydrophone used is not known but distance trials 
have suggested a maximum range of 1500 m (Berrow et al. 2006). The aim was to 
determine over what range C-POD and hydrophone are effective in detecting bottlenose 
dolphins.  
To test this aim the following hypotheses were generated: 
Hypothesis 1: There is a difference between the detection range of C-POD (recording 
clicks) and hydrophone (recording whistles) 
Hypothesis 2: There is no difference between the detection range of the hydrophone for 
2008 and 2009 
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3.2. Methods 
Deployment of acoustic equipment 
Acoustic observations were carried out using a fixed hydrophone and C-PODs in the 
Shannon Estuary, off Moneypoint power station. This site has a high probability of 
encounter with bottlenose dolphins as it is a core area within their range (Ingram and 
Rogan 2002). 
The hydrophone was a MAGREC HP 30, operating between 200 Hz and 20 kHz (Berrow 
et al. 2006) and was fixed to a mooring, 1 m above the seabed, at a depth of 10-12 m and 
approximately 100 m from shore off Moneypoint (52° 36‟ 14‟‟ N, 9° 24‟ 37‟‟ W), Co. 
Clare. Continuous recordings (sampling rate 44 kHz, 16 bit) were saved onto a PC and 
were later inspected visually for bottlenose dolphins‟ vocalizations (whistles) using 
spectrogram view in Adobe Audition1.5 (Berrow et al. 2006; Figure 3.1). 
 
 
Figure 3.1 Adobe Audition spectrogram window displaying a whistle produced by bottlenose 
dolphins. Frequency is shown on the y-axis and time on the x-axis  
 
C-PODs were deployed in ca. 15 m water on a permanent mooring consisting of a 10 kg 
weight connected to the Moneypoint Jetty via a rope that could be pulled up manually 
(Chapter 2, Figure 2.1). The C-PODs were tight to the mooring weight so that the devices 
floated vertically in the water column. After recovery, data were downloaded onto a PC 
and exported using CPOD.exe (Chapter 2, “Methods”). 
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Theodolite observations 
On 17 days during July and August 2008, visual observations were conducted in the same 
area where the hydrophone was deployed. Continuous visual observations were carried out 
between June, July and September 2009 during C-POD (14 days) and hydrophone (16 
days) deployments from a land based site (15 m elevation above sea-level) providing a 180 
degree-sweep of the study area. The observation team consisted of two observers; the 
surveyor and the tracker, who both continually searched for bottlenose dolphins using 7x50 
binoculars and a Kowa TSN2 telescope with a 20x wide-angle eyepiece. A Leica 
theodolite was used to measure the vertical and horizontal angles to the visible dolphin in a 
group nearest to the C-POD and hydrophone. It is assumed for present purposes that this 
was the vocalizing individual. Group spread during the study periods was estimated to be 
approximately a maximum of 10 meters and this would be the potential error involved in 
the assumption made.  
The theodolite measures horizontal and vertical angles from a fixed reference point, which 
was the jetty at Moneypoint power station (Figure 3.2). The theodolite was zeroed on the 
mooring line, just above water level.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.2 Theodolite set up with the reference point in the 
back (jetty at Moneypoint power station;white triangle) 
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The horizontal angle will indicate direction to the observed animal, while the vertical angle 
can be used to measure the distance to it. The position of the animal can then be calculated 
from the bearing (direction) and distance from a known point (theodolite) (Figures 3.3 and 
3.4).  
  
 
Figure 3.3 Obtaining the direction to the observed object, using the horizontal 
angle measured on the theodolite (from: civilweb.newcastle.edu.au/Cyclops/) 
 
 
Figure 3.4 Calculating the distance using the vertical angle as measured on the  
theodolite (from: civilweb.newcastle.edu.au/Cyclops/) 
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The theodolite was set up on top of a cliff (at an elevation of 15 m) adjacent to the estuary 
at Moneypoint, marking its exact same location each time, and zeroed using the jetty at 
Moneypoint power station as a reference point. To make measurements on the theodolite, 
the telescope had to be pointed at where the dolphin surfaced. There is only a very short 
time period to do this before the animal submerges and due to the theodolite‟s narrow field 
of view it can be a difficult task to point the telescope quickly in the right direction. 
Once dolphins entered the observation area, the tracker stationed at the theodolite taking 
horizontal and vertical angle readings. Tracking was focussed on the nearest animal in the 
entire group from the SAM gear. This gave a minimum distance to the group assuming that 
the nearest animal was more likely to be detected by the SAM equipment. The surveyor 
kept scanning giving information about group composition and behaviour, and also 
searching for other groups, which might confound the results. For every tracking event the 
following information was noted: group formation (tight, loose and dispersed), surface 
mode (peppy, quiet, surface rush, occasional races), direction, speed (normal, fast, and 
slow), and behaviour (travelling, socializing, and feeding) (modified from Leeney et al. 
2007). A group was defined as individuals moving in the same direction within 100 m of 
each other and exhibiting the same behaviour (Shane 1990). Dolphins were tracked until 
they left the area or the tracker lost sight of the group. All observations were made during 
daylight hours in Beaufort sea state ≤ 2. 
Data collection and analysis 
The detection distance was defined as the distance between the closest animal of a group 
and the C-POD or hydrophone, which corresponded to a detection on the acoustic 
equipment within the same minute of the theodolite reading. The recorded detections 
referred to whistles for the hydrophone and to clicks for the C-POD. The angle readings 
were later entered manually in Cyclops, and the programme then calculated the distance 
from the acoustic equipment. Cyclops Tracker (www.civilweb.newcastle.edu.au/Cyclops), 
a marine mammal positioning system, was developed to record cetaceans from a known 
location. After data entry, the programme calculated the animal‟s distance and position, 
and displayed the track on the screen. With each reading plotted as a single point, the 
programme illustrated the course of the animals through the observation area by 
connecting the dots, resulting in a track line.  
Two different distances were calculated for each dolphin track; the minimum and 
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maximum distance. The "minimum calculated distance" was defined as the closest 
observed approach distance where dolphins were visually tracked and acoustically 
detected. The term "maximum calculated distance" refers to the most distant position 
where simultaneous visual and acoustic detection of dolphins occurred. Detection positive 
minutes (= minutes where a dolphin vocalization was recorded either by the C-POD or the 
hydrophone) without theodolite measurements, although animals were observed, were 
excluded.  
No other cetacean species was seen in the observation area during the trials confirming that 
all the detected signals were from bottlenose dolphins. 
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3.3. Results 
The total dolphin tracking time within the study area was summed up to 571 minutes (9.5 
hours) in 2008 and 620 minutes (10.3 hours) in 2009. In 2008, data were only recovered 
from the hydrophone as there were no detections obtained from the T-POD and the C-POD 
was only deployed in 2009. In 2009, the data set consisted of C-POD and hydrophone 
detections matching up with concurrent sightings. 
Hydrophone 2008 
In 2008, simultaneous hydrophone and tracking data were conducted over 17 days. 19 
sightings were made during the period but on only nine days were a total of eleven groups 
successfully tracked, meaning that acoustic detections (whistles) matched with visual 
observations (Table 3.1). 
 
Table 3.1 Tracks for the hydrophone recordings in 2008 where dolphin positions were 
recorded with acoustic events showing the calculated maximum and minimum distance 
(“positive” dolphin tracks)  
Track 
no 
Date  
 
Group 
size 
Track 
duration 
(min) 
Min. 
calculated 
distance 
(m) 
Max. 
calculated 
distance 
(m) 
Overall 
behaviour 
Direction Speed Group 
formation 
1 3.7.08  2 1 1111  1111  Foraging E Fast Tight 
2 7.7.08  5 1 216  257  Foraging E Fast Loose 
3 8.7.08  4 1 505 505  Foraging W Fast Tight 
4 16.7.08 6 1 531 533  Foraging W Fast Loose 
5 16.7. 08  8 16 139 1347  Foraging W Normal Tight 
6 18.7.08  10 1 361 361  Foraging W Fast Loose 
7 24.7.08 4 26 208 350  Foraging E Normal Tight 
8 24.7.08 6 38 349 751  Foraging E Slow Loose 
9 18.8.08 10 1 305 305  Travelling W Fast Loose 
10 20.8.08  10 14 611 989  Foraging W Slow Loose 
11 27.8.08  5 14 414 911  Foraging W Fast Tight 
 Mean  
Distance 
(SD) 
  431.8 
(268.2) 
674.6 
(369.7) 
    
 
 
 
 
 45 
The mean minimum approach distance for the eleven tracks where dolphins were detected 
acoustically by the hydrophone while being observed visually and tracked was 431.8 m 
(range distance: 139-1111 m; range group size: 2-10). The mean maximum observed 
distance was 674.6 m (range distance: 257-1347 m) for the most distant position where 
dolphins were last tracked and acoustically detected on the hydrophone. The track of a 
group of eight dolphins is represented in Figure 3.5 with 15 positions at which the dolphins 
were located by the theodolite. This track estimated a minimum of 139 m and a maximum 
of 1347 m calculated distance for track no. 5 (Table 3.1); each dot represents a match 
(=position + acoustic event).  
 
 
Figure 3.5 Minimum (139 m) and maximum (1347 m) calculated detection distance for the 
hydrophone in 2008 (data are presented from track no. 5); the group is travelling in a 
westerly direction  
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A total of 393 individual positions were recorded during 19 tracks where dolphins were not 
logged on the hydrophone although the animals were visually sighted in 2008. Those “false 
negative” tracks accounted for 34% of the observation time, with a mean duration of 
53±39 minutes and ranged in group size between 2-12 individuals. The calculated 
minimum distances for both positive and negative dolphin tracks are shown in Figure 3.6.  
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Figure 3.6 Frequency distribution of the calculated minimum distance for dolphin tracks 
positive (n=11, hatched) and/or negative (n=19, grey) for acoustic detections on the 
hydrophone in 2008  
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C-POD 2009 
In 2009, concurrent theodolite and C-POD trails were carried out over 14 days. For a total 
of 14 out of a total of 32 tracks, positions matched with acoustic events (clicks) (Table 
3.2). 
 
Table 3.2 Tracks for the C-POD in 2009 where dolphin positions were recorded 
simultaneously with acoustic events showing the maximum and minimum calculated distance 
(“positive” dolphin tracks)  
Track 
no 
Date  Group 
size 
Track 
duration 
(min) 
Min. 
calculated 
distance 
(m) 
Max. 
calculated 
distance 
(m) 
Overall 
behaviour 
Direction Speed Group 
formation 
1 22.6.09 10 1 637 637  Travelling None Normal Loose 
2 23.6.09 8 1 180 180 Travelling None Normal Loose 
3 24.6.09 8 9 253 538 Foraging W Normal Loose 
4 25.6.09 8 7 209 482 Travelling W Normal Loose 
5 30.6.09 12 9 480 727 Travelling E Normal Loose 
6 2.7.09  6 5 99 393 Travelling W Normal Close 
7 2.7.09  6 6 316 725 Travelling W Slow Close 
8 8.7.09  5 21 175 464 Travelling W Slow Close 
9 9.7.09  8 4 121 358 Foraging W Normal Loose 
10 9.7.09  6 52 134 645 Foraging W Normal Loose 
11 9.7.09  6 6 166 298 Travelling W Normal Close 
12 9.7.09  6 11 129 596 Travelling W Fast Close 
13 9.7.09  8 16 251 395 Foraging W Normal Close 
14 14.7.09 3 8 194 338 Travelling W Normal Loose 
 Mean  
distance 
(SD) 
  238.9 
(150.7) 
484.0 
(167.0) 
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The mean minimum observed distance between a group of dolphins and the C-POD, which 
corresponded to an acoustic detection (echolocation click), was 238.9 (range: 99-637 m; 
group size: 3-12). A group of 12 animals were observed on the 30 June 2009 travelling 
east. During nine minutes of tracking effort, five positions matched with acoustic events 
(Figure 3.7) suggesting a minimum detection distance of 480 m and maximum detection 
distance of 727 m (Track no. 5; Table 3.2). The overall mean maximum distance for all 
tracks combined was 484 m (range: 180-727 m; Table 3.2). 
 
 
Figure 3.7 Track no. 5 is shown from the 30.6.2009 with a minimum (480 m) and maximum 
(727 m) calculated distance for the C-POD  
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On 2 July 2009, two groups of dolphins were observed and tracked, both travelling west. 
Group A (track no. 6, Table 3.2) was tracked for five minutes but for only four minutes 
were theodolite measurements concurrent with acoustic detections on the C-POD. Within 
these four minutes, eight dolphin positions were recorded with the theodolite. An hour 
later, group B (track no. 7, Table 3.2) was tracked for six minutes resulting also in six 
minutes where visual and acoustic detections occurred simultaneously, giving nine dolphin 
positions (Figure 3.8). 
 
 
Figure 3.8 Minimum and maximum distances for both tracks respectively: A (99 m and 393 
m) and B (316 m and 725 m)  
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A total of 777 positions were recorded but no C-POD detections were logged for 495 
positions. This accounted for 38% of the observation time. These 29 dolphin tracks (Figure 
3.9) where no detections were logged on the C-POD ranged between 3-15 animals and 
lasted between 39±35 minutes. 
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Figure 3.9 Frequency distribution of the calculated minimum distance for dolphin tracks 
positive (n=14, hatched) and/or negative (n=29, grey) for acoustic detections recorded on the 
C-POD in 2009   
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Hydrophone 2009 
In 2009, simultaneous theodolite tracks and hydrophone detections were made over 16 
days. In eight of the 16 tracks, positions matched with acoustic events (whistle) on the 
hydrophone. The mean minimum observed distance between a group of dolphins and the 
hydrophone, which corresponded to an acoustic detection, was 846.3 m (range: 139-1489 
m; group size: 5-10) (Table 3.3). The mean maximum distance calculated for the eight 
dolphin tracks, was 1138.4 m (range: 586-2355 m). 
Table 3.3 Tracks for the hydrophone in 2009 where dolphin positions matched with acoustic 
detections showing the maximum and minimum calculated distance (“positive” dolphin 
tracks)  
Track 
no 
Date  Group 
size 
Track 
duration 
(min) 
Min. 
calculated 
distance 
(m) 
Max. 
calculated 
distance 
(m) 
Overall 
behaviour 
Direction Speed Group 
formation 
1 22.6.09  10 2 637 637  Travelling None Normal Loose 
2 23.6.09  8 2 814 814  Traveling None Normal Loose 
3 23.6.09  8 6 139 586  Travelling W Normal Loose 
4 14.7.09  6 9 800 1561 Travelling E Fast Tight 
5 14.7.09  6 2 600 600  Travelling None Normal Tight 
6 14.7.09  6 17 1432 1621 Travelling W Fast Loose 
7 16.9.09  5 25 1489 2355  Foraging E Normal Loose 
8 16.9.09  8 11 859 933  Travelling W Slow Tight 
 Mean  
distance 
(SD) 
  846.3 
(441.5) 
1138.4  
(642.0) 
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Track no. 7 consisted of five animals that were observed for 25 minutes moving in an 
easterly direction and were described as feeding. Out of the 25 minutes of visual tracking 
data, 11 minutes corresponded to acoustic events on the hydrophone, resulting in 20 
positions (Figure 3.10, group A). A total of 16 dolphin positions were obtained from group 
B (track no. 8, Table 3.3) which was tracked for eleven minutes (Figure 3.10). 
 
 
Figure 3.10 Minimum and maximum distances obtained from the hydrophone for two groups 
of dolphins: A (1489 m and 2355 m) and B (859 m and 933 m) 
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Dolphins were tracked with the theodolite on 233 positions without acoustic events being 
registered on the hydrophone, representing 32% of the observation time. Those 14 tracks 
(Figure 3.11), where no acoustic detections were recorded on the hydrophone, had a mean 
duration of 37±24 minutes, with group size varying between 3-15. 
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Figure 3.11 Frequency distribution of the calculated minimum distance for dolphin tracks 
positive (n=8, hatched) and/or negative (n=14, grey) for acoustic detections on the 
hydrophone in 2009  
 
Comparison 
In 2009, the minimum detection distance of the hydrophone was higher (mean: 846.3 m) 
than in 2008 (431.8 m), resulting in an overall mean minimum detection distance of    
639.0 m ± 354.8 m. The maximum observed distance obtained for the hydrophone was 
also higher in 2009 (mean: 1138.4 m) as compared to 2008 (mean: 674.6 m).  
The C-POD had a mean calculated minimum detection distance of 238.9 m and a mean 
maximum of 484.0 m (Table 3.4) for 2009. 
When comparing the estimated distances for the two acoustic devices it should be 
considered that the distance calculated for the hydrophone was derived from bottlenose 
dolphin whistles whereas echolocation clicks were used for the C-POD distance 
calculation.  
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Table 3.4 Summary of detection distances for C-POD and hydrophone during both years: 
minimum and maximum distance where a detection occurred for each device; shown are 
mean and standard deviation (SD) of the calculated distances (see Table 3.1, 3.2, 3.3) 
 Distance  Hydrophone C-POD 
2008 mean min. distance 431.8 ± 268.2  
 mean max. distance 674.6 ± 369.7  
 mean distance (max +min) 553.2 ± 318.9  
2009 mean min. distance 846.3 ± 441.5 238.9 ± 150.7 
 mean max. distance 1138.4 ± 642.0 484.0 ± 167.0 
 mean distance (max +min) 992.3 ± 541.8 363.2 ± 157.8 
Overall mean min. distance 639.0 ± 354.8 238.9 ± 150.7 
 mean max. distance 906.5 ± 505.9 484.0 ± 167.0 
 mean distance (max +min) 772.8 ± 430.4 363.2 ± 157.8 
 
 
 
 
 
 
 
 
In summary: 
  In 2009, the minimum detection distance of the hydrophone was approximately 
four times higher (846.3 m) than the one calculated for the C-POD (238.9).  
 In 2009 the minimum detection distance of the hydrophone was twice as high 
(846.3 m) as in 2008 (431.8 m). The maximum detection range calculated for the 
hydrophone was also higher in 2009 (1138.4 m) than in 2008  
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3.4. Discussion 
The theodolite tracking technique allowed for observations to be carried out without 
disturbing or altering dolphin behaviour as it was done from land. This technique allowed 
for the acquisition of accurate data on their surfacing positions and movement behaviours 
(Acevedo 1991). However, the use of this method is limited to areas with reasonable high 
relief near shore and to species that come regularly within sight of land. Essential for 
obtaining accurate data and using the Cyclops programme, is the need for the theodolite to 
be located at a high vantage point overlooking the study area. The accuracy of any 
distances measured from the theodolite station is directly related to the accuracy of the 
station height. If the station height is about 40 m above sea level, for example, then an 
error of 0.1 m in the value for the station height will cause a 5 m error in the measured 
distance, for an object 2 km away (Würsig et al. 1991). In the present study, the height of 
the theodolite station was 15 m and thus creating a possible distance error of 4 m for 
dolphins 500 m away.  
The C-POD successfully logged bottlenose dolphin‟s echolocation clicks in the Shannon 
Estuary. The mean minimum approach distance where bottlenose dolphins were detected 
acoustically by a POD was 239 m (range: 99-637 m), the most distant acoustic detection 
observed in the present study occurred between 180 and 727 m (mean: 484 m). This is 
approximately within the same range of the effective detection range for Hector‟s dolphins 
(198-239 m, Rayment et al. 2009b) but double the distance established for harbour 
porpoises (107 m, Tougaard et al. 2006). Philpott et al. (2007) reported a maximum 
detection distance of up to 1200 m for T-POD and bottlenose dolphins in the same estuary. 
This seems high especially as T-POD might not be as sensitive as a C-POD. Bailey et al. 
(2010) investigated the detection capability of T-PODs for bottlenose dolphins in the 
Moray Firth, SAC, and found that the probability animals were detected by the device was 
higher than 50% for all groups observed within 500 m.  
The detection probability of an acoustic device depends on the source level and 
directionality of the acoustic signal, and is further limited by factors such as background 
noise, water depth and sensitivity of the acoustic device (Richardson et al. 1995). Thus, a 
higher detection distance for bottlenose dolphins is not surprising, given that source levels 
of harbour porpoise clicks are of less intensity (157 dB, Villadsgaard et al. 2007) than 
those emitted by bottlenose dolphins (220 dB, Au 1993). Consequently, bottlenose dolphin 
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clicks with higher source levels should be detectable at greater distances. Since it was not 
possible to determine the orientation of the vocalizing dolphin towards the C-POD, the 
calculated distances in the present study have to be considered as apparent minimum 
values; this is due to the highly directional character of dolphin echolocation clicks being 
of higher source level when pointed directly at the POD (Richardson et al. 1995).  
Using whistles (low frequency signals compared to high frequency echolocation clicks), 
the hydrophone detected dolphins at a much greater distance than clicks were detected by 
the C-POD. The closest mean detection distance observed for the hydrophone was 846 m 
(range: 139-1489 m) in 2009 and 432 m (range: 139-1111 m) in 2008. The most distant 
position obtained for whistles recorded on the hydrophone was 1138 m (range: 586-2355 
m) in 2009 and 675 m (range: 208-1347 m) in 2008. This is as expected as whistles, due to 
their low frequency propagate over longer distances (Janik 2000, Quintana-Rizzo et al. 
2006) and thus, can also be detected at greater distances. Quintana-Rizzo et al. (2006) 
estimated the range at which whistles of bottlenose dolphins could be detected by 
conpsecifics. Depending on the habitat bottom characteristics, a whistle could be detected 
at 301 m in a shallow sea grass area (3 m) whereas the same whistle could be heard up to 
over 13 km in a deeper channel area (up to 5m). Even if bottlenose dolphins were 
echolocating at such a great distance, the C-POD would not be capable of detecting the 
animals due to factors such as source level, sound propagation and source directionality; 
e.g. vocalizations with low source levels can only be detected when the animal is close to 
the acoustic device especially in a noisy environment (Ingram et al. 2004). In addition, by 
presumably being omni-directional rather than directional (like clicks), whistles are easier 
to detect. Used for social interaction, such as during separation of mother and calf 
(Smolker et al. 1993), the large transmission distance of whistles is of great advantage 
allowing to stay in acoustic contact while separated (Quintana-Rizzo et al. 2006).  
The calculated apparent detection range for an acoustic detection was 239 m (mean 
minima) and 484 m (mean maxima) for the C-POD. This means that a single device can 
only cover an area of 0.18 km² (using a minimum detection distance of 239 m) and 0.74 
km² (using a maximum detection distance of 484 m). Assuming a width of 6 km² for the 
present study site, the deployment of approximately 33 (minima) and 8 (maxima) C-PODs, 
respectively would be necessary to cover the width of the estuary at the study area. The 
hydrophone, instead, with a greater detection radius of up to 2 km, allows the coverage of a 
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bigger area. In terms of effort and costs per detection, however, the hydrophone is the more 
costly method compared to the C-POD. Data handling of hydrophone files required a lot of 
time and effort as there was no software to extract vocalizations; the detection process was 
done by eye, thus, it was very time consuming, tedious, and observer biased. Here, the 
automated detection system of the PODs offers a great alternative for fast and efficient data 
analysis.  
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4. Vocal activity in relation to group size 
4.1. Introduction 
Several studies have described and investigated the acoustic activity of delphinids 
including Pacific white-sided dolphin (Lagenorhynchus obliquidens Gill 1865, Caldwell 
and Caldwell 1971), short-snouted common dolphin (Delphinus delphis, Ansmann et al. 
2007), Pacific humpback dolphin (Sousa chinensis Osbeck 1765, van Parijs and Corkeron 
2001a), Atlantic spotted dolphin (Stenella frontalis Cuvier 1829, Au and Herzing 2003), 
killer whale (Orcinus orca Linnaeus 1758, Samarra et al. 2010), spinner dolphin (Stenella 
longirostris Gray 1828, Bazua-Duran and Au 2004), common bottlenose dolphin  
(Tursiops truncatus, Janik 2000, Cook et al. 2004, Baron et al. 2008), and the harbour 
porpoise (Phocoena phocoena, Villadsgaard et al. 2007). The vocal repertoire of cetaceans 
is complex and still not fully described and functionally understood. Due to visual 
constraints and the excellent propagation properties of sound under water, the acoustic 
channel is the only one allowing dolphins to communicate over distances greater than tens 
of metres (Dudzinski et al. 2002). They produce a variety of sounds to interact with other 
dolphins and their environment. Dolphin signals have been classified into three categories: 
whistles (narrowband frequency-modulated tonal signals), clicks (high-intensity broadband 
pulses of very short duration for echolocation) and burst pulses (sequences of impulsive 
sounds) described as grunts, barks, buzzes and squawks (Lilly and Miller 1961, Caldwell 
and Caldwell 1968, Jacobs et al. 1993, van Parijs and Corkeron 2001a). Most studies have 
focused on whistles rather than burst pulses because whistles are in the audible range and 
easier to record and analyse (Au 1993).  
Whistles are narrowband frequency modulated sounds with a fundamental frequency 
usually below 20 kHz and durations between 0.05 to 3.2 seconds (Lammers et al. 2003). 
Delphinid whistles can also have a varying number of harmonics extending well above 20 
kHz (Lammers et al. 2003). Harmonics are common in dolphin whistles and they may 
carry additional information related to mediating group cohesion and coordination 
(Lammers et al. 2006). The frequency pattern can be unmodulated (constant), ascending 
(up-sweep), descending (down-sweep), ascending-descending (convex), descending-
ascending (concave) or slowly wavering (sinusoidal) (Richardson et al. 1995). Whistles 
may consist of loops which are repeated modulation patterns (Esch et al. 2009). For any 
one species, start, end, maximum and minimum frequencies may vary, as can the duration 
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and level. The whistle repertoire of delphinids shows great variability between species and 
populations, as these frequency characteristics are generally related to anatomical variables 
such as body size or to environmental factors such as ambient noise levels (Bazua-Duran 
and Au 2004, Morisaka et al. 2005, May-Collado and Wartzok 2008). By comparing 
whistle parameters of five odontocetes (false killer whale, Pseudorca crassidens Owen 
1846; short-finned pilot whale, Globicephala macrorhynchus Gray 1846; long-finned pilot 
whale, Globicephala melas Traill 1809; white-beaked dolphin, Lagenorhynchus albirostris 
Gray 1846 and Risso‟s dolphins, Grampus griseus) Rendell et al. (1999) found significant 
differences in whistle parameters, especially frequency, between all species except the 
white-beaked dolphin and Risso‟s dolphins, allowing classification of whistles to the 
correct species in more than double the cases than would be expected by chance alone. 
Oswald et al. (2003) also found that whistles could be attributed to the correct one out of 
nine delphinid species at a rate much higher than expected by chance. Since high 
frequency attenuates more quickly than low or mid-frequency, animals should be able to 
detect conspecifics sounds below 12 kHz at 10-20 km and whistles of 12 kHz and greater 
to only 4 km (Janik 2000). Quintana-Rizzo et al. (2006) examined the “active space” of 
whistles produced by bottlenose dolphins in habitats of different bottom types in Florida. 
Their work revealed that a whistle of 7-13 kHz at 155 dB re 1 µPa could be detected at 487 
m in a shallow sea grass area whereas the same whistle could be heard by other dolphins 
up to over 2 km in an area with a sandy bottom. However, some species do not produce 
whistles at all; the Hector‟s dolphin (Cephalorhynchus hectori van Beneden 1881) uses 
clicks for communication as well as for echolocation (Dawson and Thorpe 1990, Au 
1993). This raises the question of how the animals communicate with the high frequency 
clicks as they suffer from high absorption having a small active space (Tubbert et al. 2010) 
compared to dolphin whistles that are of relatively lower frequency, and thus have a large 
active space.  
Caldwell and Caldwell (1965) discovered that captive bottlenose dolphins produced a 
unique individualised whistle when isolated from conspecifics that accounted for up to 
90% of their communication, they termed this the signature whistle. Research has shown 
that signature whistles are used to identify individuals (Caldwell and Caldwell 1965, 
Caldwell et al. 1990) and maintain group cohesion, for example during separation of 
mother-calf pairs (Smolker et al. 1993) and feeding (Acevedo-Gutierrez and Stienessen 
2004). Janik and Slater (1998) also documented signature whistle copying by group 
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members which did not function to reunite the group. Signature whistles have also been 
reported for common dolphins, (Caldwell and Caldwell 1968), Pacific white-sided 
dolphins, (Caldwell and Caldwell 1971) and Atlantic spotted dolphins, (Caldwell et al. 
1973), Pacific humpback dolphins, (van Parijs and Corkeron 2001a) and possibly for the 
Guiana dolphin, Sotalia guianensis van Beneden 1864 (De Figueiredo and Simao 2009). 
While signature whistles can dominate the recordings of isolated individuals, they are rare 
if animals swim in tight groups (Janik and Slater 1998). 
Cetaceans have developed highly sophisticated echolocation capabilities to detect, localize 
and characterize objects (Au 2002). Using echolocation, the animal is emitting sounds and 
is then listening to the echoes returning from any targets or obstacles enabling the animal 
to explore and assess the environment (Au 1993). Clicks emitted by bottlenose dolphins, 
for example, are broadband, short and high-intensity signals, and are thought to be most 
commonly used for echolocation; the signal is produced to gain information about the 
environment. Echolocation clicks from bottlenose dolphins have an average duration of 40-
70 μs with peak frequencies as high as 120 and 130 kHz at a source level of up to 220-230 
dB re 1 uPa m (Au et al. 1974, Au 1993). In contrast to this, early research documented 
echolocation signals having peak frequencies between 30 and 60 kHz (Evans 1973). 
Additionally, dos Santos and Almada (2004) have found peak frequencies of around 70 
kHz for bottlenose dolphins echolocation clicks. Source level of delphinid vocalizations 
can vary considerably between contexts and locations. Echolocation signals are suitable for 
target detection over more than 100 m (Janik 2009). Bottlenose dolphins have been shown 
to detect objects from a distance of over 113 m away (Au 2002). For harbour porpoises,   
T-PODs gave clear evidence of a target detection from a distance over more than 120 m; it 
is very likely that the target detection distance will be even further for bottlenose dolphins 
(Nick Tregenza pers. comm.). Dolphins can vary the loudness and frequency spectrum of 
their clicks. For echolocation clicks, it has been reported that bottlenose dolphins increase 
the source level and shift the peak frequency of their clicks in response to masking noise in 
their preferred frequency band (Au 1993).  
It is not always clear how to distinguish between click trains used for echolocation and 
burst pulsed sounds. Lammers et al. (2004) suggested that click trains of spinner dolphins 
with an average interclick interval (ICI) of less than 10 ms are communication signals. 
They are often reported in a social context, underpinning this theory. 
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Herzing (1996) documented associations between certain types of sound and certain 
behavioural contexts in Atlantic spotted dolphins and common bottlenose dolphins in the 
Bahamas. Signature whistles emitted by spotted dolphins were associated with reunions of 
mother-calf pairs and courtship behaviours. “Excitement vocalisations”, a combination of 
burst pulse sound and signature whistle, were especially observed in calves, during stress 
or excitement. In 1963, Lilly (1963) also reported a series of distress calls emitted by 
bottlenose dolphins, either when the animal itself was in distress or when one of its 
conspecifics was in distress. “Squawks“ defined as broadband burst pulses, were 
associated with aggression, “screams” (overlapping of whistles), “barks” (low frequency 
burst pulse sounds), and “synchronised squawks” (burst pulsed signals) with aggressive 
interspecific interaction (Herzing 1996). Despite these reports, there is little evidence of a 
clearly defined distress or alarm whistle in any dolphin species so far studied (Caldwell et 
al. 1990). It seems more likely that the response of dolphins to stress or excitement 
manifests itself in more subtle changes in their vocalisations. For example, Caldwell et al. 
(1990) reported that the frequency range and modulation of bottlenose dolphin whistles 
may vary considerably when the animal is under extreme duress. It is also possible that 
dolphins may emit more, louder and faster whistles when stressed or even cease whistling 
altogether in very alarming situations. Recent work showed that whistle rates of bottlenose 
dolphin in Sarasota Bay, Florida, rise during capture-release events, correlating acoustic 
parameters including whistle rates, loop number, loop and frequency to stress (Esch et al. 
2009). Vocalization plays an important role during feeding events. Janik (2000) found that 
bottlenose dolphins in Scotland emit a particular signal related to feeding events termed 
“bray” calls to attract other group members. Bottlenose dolphins have also been observed 
to increase the number of whistles produced per animal per minute resulting in an increase 
in group size during those foraging events. By attracting new dolphins, the increase in 
group size may maximise feeding efficiency, for example by herding prey (Janik 2000). 
However, it is not clear whether it is intended or unintentional (Acevedo-Gutierrez and 
Stienessen 2004). Benoit-Bird and Au (2009) showed that “clicks consistent with 
echolocation” rose in foraging spinner dolphins involved in group coordination (opposite 
to the assumption that echolocation and communication are separated).  
Several studies have demonstrated a link between burst pulsed sounds and aggression in 
bottlenose dolphins. Caldwell and Caldwell (1967) described several aggressive 
interactions that were accompanied by burst pulsed sounds, and Overstrom (1983) 
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described a sequence of escalation in aggressive interactions between bottlenose dolphins 
in which burst pulsed sounds were used extensively. Connor and Smolker (1996) 
demonstrated that male bottlenose dolphins in Western Australia produced loud, low 
frequency pop sounds when herding females and during aggressive interactions with other 
dolphins. Nowacek (2005) found that pops were also common while bottlenose dolphins 
foraged near the edge of sea grass flats and over sand, possibly to keep competitors away. 
Lammers et al. (2006) showed that in spinner dolphins, burst pulsed sounds are usually 
exchanged between animals that are relatively close together, suggesting a role in contexts 
other than group cohesion and recognition.  
A summary of vocalization types for bottlenose dolphins is shown in Table 4.1. 
 
Table 4.1 Summary of published vocalization types in relation to bottlenose dolphin 
behaviour 
Signal type 
Behavioural 
context 
Study 
Bark Aggression Herzing (1996) 
   
Bray call Foraging Janik (2000) 
   
Burst pulse Aggression 
Caldwell and Caldwell (1967), Overstrom (1983),  
Lammers et al. (2006) 
   
Click trains 
Echolocation, 
communication
1
 
Summaries in Richardson et al. (1995), Herzing (2000), 
Benoit-Bird and Au (2009)
1
 
   
Excitement 
vocalization 
Stress, excitement Herzing (1996) 
   
Genital buzz Courtship Herzing (1996) 
   
Pop 
Aggression, 
Foraging 
Connor and Smolker (1996), Nowacek (2005) 
   
Scream Aggression Herzing (1996) 
   
Squawk Aggression Herzing (1996) 
   
Whistle Contact call 
Smolker et al. (1993), Herzing (2000), Sayigh et al. 
(2007) 
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Cetacean sound has been used in acoustic surveys to estimate relative abundance focusing 
on baleen whales (Clark 1995, McDonald and Fox 1999, Barlow and Taylor 2005). 
However, few researchers have attempted to derive group size from sound emission rates 
of small odontocetes employing passive acoustic sensors (Pacific humpback dolphins 
Sousa chinensis: van Parijs et al. 2002; finless porpoises Neophocaena phocaenoides: 
Wang et al. 2005).  
Using acoustic recordings from a fixed hydrophone, together with visual data from land, 
van Parijs et al. (2002) analysed three-minute acoustic samples from Pacific humpback 
dolphins (Sousa chinensis) and compared them to the number of dolphins observed at the 
surface. They found a significant correlation between the number of calls and the number 
of dolphins, where group size could explain 92% of the variation in the data. Van Parijs et 
al. (2002) compared their results with further acoustic samples of known group size and 
declared their technique acceptable to estimate group size of inshore Pacific humpback 
dolphins, within an area.  
Wang et al. (2005) also explored the relationship between group size and acoustic activity 
using static acoustic data loggers and found a positive linear correlation with an R² of 0.16 
between number of pulses per minute and number of finless porpoises in the Yangtze 
River, China. 
 
This chapter aims to establish a relationship between group size and vocalization rate 
(whistles and ”other vocalizations”) of bottlenose dolphins using a statically moored 
hydrophone in the Shannon Estuary to predict group size from vocalization rate.  
 
To test this aim the following hypotheses were generated: 
Hypothesis 1: Vocalization rate is positively correlated to group size  
Hypothesis 2: Vocalization rate is significantly different with increasing distance between 
dolphins and the hydrophone  
Hypothesis 3: Vocalization rate is significantly different during boat presence 
Hypothesis 4: Vocalization rate varies significantly with behavioural context  
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4.2. Methods 
Visual observations 
Simultaneous acoustic and visual monitoring was conducted in the Shannon Estuary 
between July and August 2008 (17 days), and between June, July and September 2009 (19 
days). The fixed hydrophone was deployed approximately 100 m from shore and visual 
observations were made from land. Visual observations were conducted from an elevated 
land-based site (15 m) at Moneypoint (52° 36‟ 14‟‟ N, 9° 24‟ 37‟‟ W) overlooking the 
study area. The study area was scanned visually for the presence of dolphins using 
binoculars (7x50) and a telescope with a 20x wide-angle eyepiece. Once dolphins entered 
the study area, the animals were observed for as long as possible until they were no longer 
seen. Time, group size, estimated distance by eye from the hydrophone, behaviour 
(travelling, feeding, socialising) and boat presence were noted for the closest group of 
dolphins to the hydrophone. The Moneypoint jetty which was 150-200 m from the 
observation point was used as reference point against which distances could be estimated. 
Visual observations were made during daylight hours up to sea state 2 in the same area 
overlooking the fixed moored hydrophone. The observer scanned for an hour and rested for 
15 minutes unless dolphins were in the study area. For the purpose of analysis, groups 
were separated by more than 10 min, and when it was obvious that they were coming from 
different directions. Each sighting event consisted of only one dolphin group as defined by 
the observer.  
Acoustic recordings  
Acoustic samples were recorded between 2 July and 27 August 2008, between 15 June and 
14 July, and between 7 and 16 September 2009. Due to poor weather conditions and 
hydrophone failure, no data were collected in August 2009. The vocalisations in this study 
were recorded using an underwater hydrophone (MAGREC HP 30) operating between  
200 Hz and 20 kHz, which was statically fixed to a mooring, 1 m above the seabed, at a 
depth of 10-12 m (Figure 4.1) and approximately 100 m from shore off Moneypoint, Co. 
Clare. The hydrophone cable ran ashore where the signal passed through a high pass filter 
to remove some low frequency ambient noise. This filter box also enabled headphones and 
PC to be connected. Using Adobe Audition, continuous recordings (sampling rate 44 kHz, 
16 bit) were saved onto a PC as wav.files (Berrow et al. 2006). 
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Figure 4.1 Visual observation point and hydrophone deployment in the Shannon Estuary 
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The wav files recorded were inspected visually using the spectral view function in Adobe 
Audition1.5. The spectrogram is a graph of frequency plotted against time, and is very 
useful for viewing acoustic signals produced by marine mammals (Figure 4.2). Each 
sample was taken during daylight hours between 8:00 and 20:00. 
 
 
 
 
 
Figure 4.2 Adobe Audition spectrogram window displaying different whistle shape types 
produced by bottlenose dolphins. Frequency is shown on the y-axis and time on the x-axis  
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Data analysis 
The acoustic data from 2008 and 2009 were matched to visual encounters of bottlenose 
dolphins‟ sightings. The acoustic files were played back and inspected visually and audibly 
for any occurrences of dolphin vocalizations using Adobe Audition1.5. In the following 
study, whistles (Figure 4.2) and “other vocalizations” (do not include echolocation clicks) 
(Figure 4.3) which could easily be identified as units were used for further analysis.  
 
 
 
 
Figure 4.3 Adobe Audition spectrogram window showing “other vocalizations” produced by 
bottlenose dolphins 
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The term “other vocalizations” included sounds consisting of rapid click trains (>100 
clicks/s) that are clearly different from echolocation clicks trains (Janik 2009); they are 
broadband and discrete aural packets of clicks (Herzing 2000; Figure 4.3).  
Due to the characteristics of whistles as frequency modulated tonal sounds with a narrow 
bandwidth, they can relatively easy be identified on the Adobe spectrogram window. Only 
dolphin whistles and “other vocalizations” that could be clearly differentiated from 
background noise (Figure 4.4) and other overlapping signals were included in the analysis. 
Data analysis here was subjected to the observer‟s interpretation, and thus were observer 
dependent.  
 
 
Figure 4.4 Adobe Audition spectrogram window showing background noise probably from a 
ship’s engine (with possible frequency banding from bottlenose dolphin burst pulses) 
 
Statistical analysis 
A 0.05 significance level was set for all statistical analysis. Data were tested for normal 
distribution applying the Kolmogorov-Smirnov-test. Non-parametric statistical procedures 
were adopted since the data were not normally distributed. A Spearman Rank correlation 
was conducted to test for any linear relationship. Following this, correlation and regression 
analysis were used to examine the relationship between group size and vocalization rate. 
Other possible factors that could influence vocalization rate such as the estimated distance 
of the animals from the hydrophone, the behaviour of the animals and boat presence were 
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analysed by looking for significant correlations. A non-parametric Kruskal-Wallis test was 
used to analyze differences in vocalization rates with distance and behaviour. To 
investigate differences in vocalization rate due to boat presence, a non-parametric Mann-
Whitney test was conducted.  
Van Parijs et al. (2002) calculated the total number of sounds for all 3-min samples 
recorded for each dolphin group. The relationship between the mean number of sounds 
produced by each group and the number of dolphins was tested using linear regression. 
The regression formula derived from this analysis was used to generate predictions of the 
number of dolphins in groups, and the results were compared with observed group sizes. 
In the present study, sound production rate for both, whistles and “other vocalizations” 
were calculated for each group of dolphins by dividing the number of vocalizations by the 
duration of the encounter. Using a linear regression an equation was established to predict 
the relationship between the number of acoustic signals (whistles, “other vocalizations” 
and “all vocalizations”[= whistles + “other vocalizations”] per minute produced by each 
group and the number of dolphins observed at the surface.  
To analyse the relationship between vocalization rate and behaviour, three broad types of 
behaviour were identified: feeding (frequent and rapid changes of direction; chasing fish; 
sea bird occurrence was also used to determine if dolphins were feeding), travelling 
(movement of a group in a linear direction) and socializing (excited surface behaviours 
involving physical contacts between dolphins, sometimes with synchronous movements) 
(Dos Santos et al. 2005).  
The analysis on boat presence was carried out by using only data where the boat was far 
enough from the hydrophone so that boat noise did not influence the recording quality. The 
wav files used for this analysis were good and had clearly visible and recognizable 
whistles.  
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4.3. Results 
In total, shore-based monitoring was conducted on 19 days in 2008 and on 13 days in 
2009. During these 32 days a total of 206.3 hours of observations were carried out from 
Moneypoint. Over those 32 days of observation, a total of 67 sightings of bottlenose 
dolphins were recorded of which 24 were excluded from further analysis because no 
vocalizations were detected on the hydrophone recordings during the time the dolphins 
were actually seen. Those “zeros” accounted for 24 % of the observation period, had a 
mean duration of 26.6 ± 25.4 minutes and dolphins present ranged in group size from 1-10 
individuals (Figure 4.5).  
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Figure 4.5 Histogram showing the range of group sizes for dolphin schools with no 
vocalization detected on the hydrophone (n=24) 
 
Note: Examination of C-POD data showed that 19 of 24 sightings without whistles and 
“other vocalizations” were also without clicks. These sightings ranged between 50 and 
2000 m from the C-POD (50-500 m: n=7; 500-1000 m: n=8; 1000-1500 m: n= 1;        
1500-2000 m: n=2). One sighting at a distance of 20 m from the C-POD had clicks and for 
the remaining four sightings no T-POD/C-POD data were available.  
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The remaining sightings were grouped into 43 encounters with a mean duration of 44±31 
minutes, varying in group size between 2-12 individuals (Figure 4.6).  
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Figure 4.6 Histogram showing the number and range of group sizes observed throughout the 
study (n=43) with vocalisations detected on the hydrophone 
 
Testing the assumption of normality showed that the whistle rate data were not normally 
distributed (Kolmogorov-Smirnov-test, p>0.05). The relationship between number of 
whistles and group size was analysed by first creating a scatter plot of the two variables 
and fitting a line of best fit. This showed that there was no significant relationship between 
the number of whistles and group size (Spearman Rank c=0.02; p>0.45) (Figure 4.7 A). 
Because 21% of the samples had no whistles, these were excluded from further analysis. 
Repeating the normality test with the whistle rate data excluding the “zeros” still revealed a 
non-normal distribution. The regression analysis was then repeated for number of whistles 
per encounter duration and group size excluding these samples with “zeros” resulting in a 
non significant relationship (Figure 4.7 B; Spearman Rank c=0.13; p>0.22).  
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Figure 4.7  shows the regressions for whistle rate against group size; (A) including the 
samples with “zeros” (y = - 0.232 + 0.097x; Spearman Rank  c=0.02; p>0.05; n=43) (B) 
excluding the samples with “zeros” (y = - 0.437 + 0.148x; Spearman Rank c=0.13; p>0.05; 
n=34) 
 
 
 
 
A Whistles  
B Whistles  
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The same analysis was conducted for “other vocalizations” where 23% of the samples had 
no signals and were so excluded from further analysis. The relationship of “other 
vocalizations” against group size has showed no significant relationship (Spearman Rank 
c=0.04; p>0.42; Figure 4.8 A) neither did the relationship between all vocalizations and 
group size (Spearman Rank c=-0.02; p>0.45; Figure 4.8 B).  
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Figure 4.8 shows the regressions for (A) other vocalization rate against group size (y = 0.253 + 
0.007x; Spearman Rank c=0.04; p>0.05; n=33); (B) all vocalization rate against group size (y 
= - 0.081 + 0.110x; Spearman Rank c=-0.02; p>0.05; n=43) 
B All vocalizations  
 
A „Other vocalizations”  
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Over the whole period (1995 minutes) where dolphins were present, 91% of the minutes 
had “zero” whistles, and thus, the relationship between vocal activity and group size was 
analysed by considering only the detection positive period excluding the number of 
“blank” minutes (minutes without whistles). The relationship between whistle rate            
(= number of whistles per whistle positive minute) against group size was not significant 
(Spearman Rank c=0.24, p>0.17). The examination of standardized residuals indicated that 
one data point (a sighting over 14 minutes of five animals with only one minute containing 
11 whistles) provided the worst fit to the regression (Figure 4.9 A). A better fit was 
obtained after removal of this data point, but the resulting regression was still not 
significant (Figure 4.9 B; Spearman Rank c=0.28, p>0.11). This method did not improve 
the reliability of the data set since the possibility of an outlier is a problem that cannot be 
accounted for. So, in summary, no significant relationship between vocalization rate and 
group size was determined.  
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Figure 4.9 Scatter plot of number of whistles emitted per whistle positive minute. (A) The 
regression for whistle rate against group size is shown with y =1.258 + 0.301x (Spearman 
Rank c= 0.24; p>0.05; n=33). (B) The regression for whistle rate against group size is shown 
after removing the outlier with y = 0.644 + 0.355x (Spearman Rank c=0.28; p>0.05; n=32)  
 
 
 
 
A  
B  
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Since the relationship whistle rate (using number of whistles per encounter time) versus 
group size was not significant, another approach was tested.   
The top 25% of the most whistle active minutes for each encounter period was then 
examined, resulting in a significant relationship with group size (Spearman Rank c=0.37; 
p=0.03; Figure 4.10). This approach did eliminate the outlier from the previous 
relationship (= dividing the number of whistles per whistle positive minutes (Figure 4.9) 
generating the only significant relationship between group size and vocalization rate.  
Only the Top 25% of the most vocal minutes showed a significant correlation with group 
size. 
Whistle rate (25% of the most vocal active minutes) =0.419 + 0.7592 x group size 
Re-arranging the equation allowed a prediction of group size based on the whistle rate: 
Predicted group size = 1.32 x whistle rate - 0.55   
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Figure 4.10 Scatter plot of only the 25% of the most whistle intense minutes emitted per 
whistle positive minute. The regression is shown with y =0.419 + 0.7592x (Spearman Rank 
c=0.37; p<0.05; n=34) 
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The influence of other factors on the vocalization rates, such as the estimated distance from 
the hydrophone, the behaviour of the animals and boat presence were then examined. Of 
the 43 occasions where dolphins were observed, 81% were within 500 m, 9% within 500-
1000 m, 2% within 1000-1500 m and 7% within 1500-2000 m of the hydrophone. 75% of 
the sightings within the 500 m range were detected acoustically (whistles) by the 
hydrophone (Figure 4.11). The remaining 25% (n=9) of these sightings that were within 
500 m had no whistles. 
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Figure 4.11 Bar graph showing the distribution of recorded whistles for all 43 sightings at 
different distances (orange = 9 sightings within 500 m  without whistles, green = sightings 
with whistles) 
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All sightings at distances greater than 500 m had whistles detected by the hydrophone 
(500-1000: n=4; 1000-1500: n=1; 1500-2000: n= 3). The number of whistles per minute 
detected by the hydrophone and the distance between the dolphins and the hydrophone is 
shown in Figure 4.12. The distance showed no significant relationship for whistle rate 
(Spearman Rank c=0.21, p=0.11). A non-parametric Kruskal-Wallis test was used to 
analyze differences in whistle rate among various distances. The result suggested that there 
was no significant difference in whistle rate as the distance to the dolphins from the 
hydrophone increased (Kruskal-Wallis H=6.142, p=0.407). 
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Figure 4.12 Scatter plot of whistle rate (number of whistles per encounter duration) versus 
distance from the hydrophone showing the best fit regression (y=0.706-0.0003x; p> 0.05) 
 
 
Within the 500 m range, all the nine events without whistles had “other vocalizations”. 
Thus, a Spearman Rank test was used to test if there was a negative relationship between 
whistling and ”other vocalizations” events and this did not reveal any significant 
relationship (Spearman Rank c=0.25; p=0.06).   
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Foraging was the most frequently observed behaviour category among the dolphin groups 
observed, recorded for 51% of all dolphin groups. Socializing and travelling were observed 
in 26% and 23% of the occasions respectively. During feeding, dolphins emitted 0.6±1.4 
whistles (n=22; with four samples having zero whistles) and 0.3±0.4 “other vocalizations” 
per minute (n=22; with three samples having zero “other vocalizations”). While 
socialising, the dolphins produced 0.2±0.3 whistles (n=11; with two samples having zero 
whistles) and 0.2±0.3 “other vocalizations” per minute (n=11; with three samples having 
zero “other vocalizations”). For travelling, whistle rate was 0.2±0.3 (n=10; with three 
samples having zero whistles) and 0.1±0.1 for “other vocalizations” (n=10; with four 
samples having zero “other vocalizations”) (Figure 4.13). The emission rate for whistles 
and “other vocalizations” in all behaviour categories was 0.6±1.1 (n=34) and 0.3±0.3 
(n=33) respectively. There was no significant relationship between any of the vocalization 
types (Kruskal-Wallis Test; whistle rate H=2.201, p=0.531; “other vocalizations” rate 
H=1.734, p=0.420) and behaviour (feeding, socializing or travelling). 
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Figure 4.13 Interval plots showing the means and the 95% confidence intervals of (A) whistle 
rate (number of whistles per minute) and (B) “other vocalizations”  rate (number of “other 
vocalizations” per minute) in the three behaviour categories identified for bottlenose dolphins 
in the Shannon Estuary   
 81 
Out of the 43 groups of dolphins observed, 10 groups were approximately within 100 m of 
the local dolphin watching boat (MV Dolphin Discovery). Dolphins produced 0.5±1.2 
whistles per minute when the boat was not present and 0.3±0.4 whistles per minute with 
the boat present. The number of emitted “other vocalizations” was 0.3±0.3 without the boat 
and 0.2±0.3 with the boat present (Figure 4.14). There was no significant variation in the 
vocalization rate of whistles or “other vocalizations“ during the presence or absence of the 
Dolphin Discovery (Mann-Whitney test; whistle rate: W=221.5, p=0.98; “other 
vocalizations” rate: W=185.5, p=0.33).   
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Figure 4.14 Interval plot showing means and the 95% confidence intervals of whistle rate 
(number of whistles per minute) and “other vocalizations” rate (number of “other 
vocalizations” per minute) with and without boat presence 
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In one case, a mother-calf pair was observed to be the only dolphins in sight and thus, it 
may be assumed that any whistles on the hydrophone were from one of these two 
individuals. They were first seen at an estimated distance of 450 m from the hydrophone, 
coming within 200 m. The 8-min recording which matched this observation showed 99 
whistles of the same type (Figure 4.15 above) and two overlaps, indicating that more than 
one animal was whistling, likely to be produced from mother and calf (Figure 4.15 below). 
It is unlikely that the one overlap occurring among the 99 whistles is a harmonic related 
phenomenon. 
 
 
Figure 4.15 Above: Possible signature whistle recorded from mother or calf. Spectrogram as 
viewed in Adobe Audition Version 1.5. Below: Possible signature whistle recorded from 
mother and calf with one overlapping (middle) indicating that more than one individual was 
whistling.  
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In summary: 
 Only the Top 25% of the most vocal minutes showed a significant correlation with 
group size. 
Whistle rate (25% of the most vocal active minutes) =0.419 + 0.7592 x group size 
Re-arranging the equation allowed a prediction of group size based on the whistle rate: 
Predicted group size = 1.32 x whistle rate - 0.55       
 No significant correlation between ”other vocalization” rate and group size was 
recorded meaning that “other vocalization” did not represent a useful factor for 
predicting group size. 
 No significant relationship was established between all vocalizations rate 
(=whistles and ”other vocalizations” together) and group size (same as above). 
 No significant correlation was found between any vocalization type and distance 
meaning that distance did not influence the rate of whistles and ”other 
vocalizations” registered on the hydrophone. 
 No significant correlation was identified between any vocalization type and 
behaviour category meaning that behaviour had no influence on the rate of whistles 
and ”other vocalizations” registered on the hydrophone. 
 No significant correlation was recorded between vocalization type and boat 
presence meaning that boat presence did not affect the rate of whistles and ”other 
vocalizations”, in a positive or in a negative way.  
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4.4. Discussion 
Vocalization rate increases with group size in several cetacean species, such as the Pacific 
humpback dolphin Sousa chinensis (van Parijs et al. 2002), the finless porpoises 
Neophocaena phocaenoides (Wang et al. 2005), the common dolphin Delphinus delphis 
(Ansmann 2005) and the bottlenose dolphin (Jones and Sayigh 2002, Cook et al. 2004). 
Van Parijs et al. (2002) produced a regression equation to predict school size of Pacific 
humpback dolphins from the number of all vocalizations recorded. Their technique was 
applicable for group sizes of up to nine individuals. For groups of more than 15 animals 
vocalization rates decrease (Quick and Janik 2008). Van Parijs et al. (2002) did not 
discriminate between signal types and counted the total number of calls such as whistles, 
clicks and pulse sounds. In the present study, I differentiated between two types of acoustic 
signals, whistles and other vocalizations, to investigate which acoustic signal would 
provide the best correlation to group size. The results have shown that only the whistle rate 
for the 25% of the most vocal active minutes correlated with group size although it could 
only explain 37% of the variation in whistle rate. There was no correlation established for 
”other vocalizations” and all vocalization rates, respectively, with both categories 
excluding clicks.  
Since no significant relationship was obtained for whistle rate and group size using the 
conventional method (mean number of vocalization regressed against group size) 
employed by van Parijs et al. (2002), different approaches were explored to see if any 
significant relationship could be established between vocalization rate and group size.  
The first approach (“Detection-Positive-Time” approach) considered only the minutes 
where whistles were recorded, thus excluding the minutes without whistles. Although a 
better fit was obtained after excluding a single data point where five animals produced 
eleven whistles in just one minute, the regression did not reveal a significant correlation. 
This method did not improve the reliability of the data set but rather demonstrated the 
difficulty of interpreting acoustic data without visual records. For example, a group of ten 
animals may produce whistles only sporadically; whereas a group of just five dolphins may 
be vocally more active and whistle more often.  
The second approach (“Top-25%” approach) considered only 25% of the most whistle 
active minutes and did result in a significantly positive correlation supporting the 
hypothesis that many dolphins produce more whistles per time unit (here: whistle positive 
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minute) than a group of only a few animals. This allowed eliminating the time periods 
when dolphins in larger groups are relatively silent. As to the authors knowledge this 
approach has not been explored by any one else.  
The distance over which the hydrophone can record dolphins is potentially a limiting factor 
when recording dolphin vocalizations over varying distances. However, in the present 
study, the distance to the dolphins from the hydrophone did not have any effect on the 
detection performance of the hydrophone. All 36 sightings within the 500 m range were 
detected by the hydrophone: whistles were recorded on 27 of the 36 samples and “other 
vocalization” on the nine remaining samples. The hydrophone also detected the eight 
whistling events occuring at greater distances than 500 m (500-1000: 4; 1000-1500: 1; 
1500-2000: 3).  
Delphinids have shown changes in vocalization rate in relation to behaviour. Free-ranging 
bottlenose dolphins in Sarasota, Florida emit more whistles while socializing than when 
travelling (Jones and Sayigh 2002, Cook et al. 2004). During travelling occasions, animals 
tend to stay close together keeping visual and physical contact and there might be no need 
to use acoustic communication signals (Cook et al. 2004). However, results from the 
present study showed no significant correlation between vocalization rates (whistles and 
“other vocalization” including burst pulses) and behavioural context. Dolphins produced 
0.6 whistles and 0.3 “other vocalizations” per minute while feeding. However, Acevedo-
Gutierrez and Stienessen (2004) reported an emission rate of 2.7 whistles and 0.8 burst 
pulses for “feeding” animals, and 0.4 and 0.4 respectively for “non-feeding” animals. Data 
from bottlenose dolphins in the Sado Estuary, Portugal revealed an emission rate of 0.45 
whistles per minute for feeding events and 0.69 whistles per minute while socializing (dos 
Santos et al. 2005).  
Although a range of studies have shown that vessel noise did have an affect on the acoustic 
behaviour of delphinid species (common bottlenose dolphin: Scarpaci et al. 2001, 
Buckstaff 2004; Pacific humpback dolphin: van Parijs and Corkeron 2001b), the present 
study found no behavioural effect of the presence of the local dolphin-watching boat on 
bottlenose dolphins vocalization rate. Maybe the animals might get used to the boat as they 
would encounter it regularly. They might show a different behaviour for a novel vessel. 
Nonetheless, all these factors (distance, boat presence and behavioural context, such as 
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stress, excitement, presence of mother-calf pair) should be considered when attempting to 
derive group size from acoustic data.  
Mother-calf pairs of wild bottlenose dolphins increased their whistle rate when separated 
from each other (Smolker et al. 1993). The authors suggested that calves may whistle to 
indicate their position to the mother, causing the mother to also whistle and thereby 
indicating her position. It may also trigger maternal behaviour such as approaching or 
waiting for the calf or whistling in response, revealing not only her location but also 
perhaps her willingness to be rejoined. In the present study, one observation of mother and 
calf showed one whistle type dominating an acoustic sample of 8 minutes (99 whistles of 
the same type, rising/upsweep), supporting the theory that whistle rate may increase in the 
presence of mother-calf pairs. Cook et al. (2004) found that 19% of whistles emitted by 
free-ranging bottlenose dolphins in Sarasota Bay, Florida, were „upsweeps‟, and suggested 
that this predominant whistle type plays an essential role in the communication system of 
bottlenose dolphins.  
The sampling rate of the recording system was 44 kHz limiting the frequency range of the 
collected acoustic samples to 22 kHz. Bottlenose dolphins whistles in the Shannon Estuary, 
Ireland, ranged between 7.71-13.21 kHz (Hickey et al. 2009) and thus were well within the 
recording bandwidth of the hydrophone. Clicks, however, which are relatively high in 
frequency, extending from 30 to over 200 kHz, were likely to be missed by the present 
recording system due to the frequency limitation, although the low frequency component 
was recorded. Therefore, the recording system was not appropriate to detect and record the 
clicks of bottlenose dolphins, and thus, they were not considered for the analysis. Burst 
pulse sounds (having a frequency up to 0.2 -12 kHz (Herzing 1996), although similar to 
echolocation clicks in terms of acoustic characteristics, but with lower amplitude and 
higher pulse repetition rates (Lammers et al. 2006) have also been reported as sounds 
having low frequency (cited in literature as “pop”: Connor and Smolker 1996, and “gulp”: 
dos Santos et al. 1995). Therefore, burst pulses (included in the category “other 
vocalizations”; see Data analysis p.68) were considered acceptable for being included in 
the analysis. To the author‟s knowledge, no published work exists on the relationship 
between burst pulses (termed “other vocalizations” in the present study) and bottlenose 
dolphin‟s group size; van Parijs et al. (2002) did not differentiate between signal types at 
all, and Wang et al. (2005) counted the clicks per minute only.  
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In conclusion, the results have shown that there was only a positive linear relationship 
between whistle rate and group size, using the 25% of the most vocal active minutes. 
However, the relationship is not considered strong enough to use this method as group size 
could explain only 37% of the variation in whistle rate. Therefore, the technique –though 
successfully applied to Pacific humpback dolphins (van Parijs et al. 2002), does not seem 
to be useful for deriving group size from bottlenose dolphins in the Shannon Estuary. 
In 36% of the sightings, dolphins were seen but not detected acoustically suggesting that 
the animals were not vocalizing. 54% of those “zeros” were less than 500 m away and 
thus, if dolphins were echolocating, were expected to be detected by the hydrophone.       
C-POD data showed that 19 (of the 24) dolphin groups without whistles and “other 
vocalizations”, had also no clicks, underpinning the theory that animals may be silent at 
times or at least, echolocate not as often as harbour porpoises (Akamatsu et al. 2007). 
This is a major problem with acoustic monitoring and should be considered when 
interpreting acoustic data; however, visual observations also show a high false negative 
rate during darkness and rough sea states.  
This chapter explored the use of SAM to determine group size of bottlenose dolphins, but 
it was not that conclusive.  
Deriving group size from vocalization rate would allow to monitor dolphin abundance 
where no visual observation data are available. Data could be gathered by the deployment 
of static acoustic equipment providing continuously information on occurrence and 
abundance of inshore bottlenose dolphins.  
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5. Conclusion 
For effective conservation management, it is essential to assess species occurrence and 
abundance and monitor trends. This can be challenging when relying on visual surveying 
only due to its already mentioned restrictions. In those cases where visual observations 
may not be applicable, acoustic methods greatly increase the chance of detecting cetaceans.  
Visual and acoustic observation methods (using the hydrophone) consistently detected 
bottlenose dolphins in the Shannon Estuary over the two study years. Detection rates were 
higher for the visual method but observations were only carried out in optimum conditions. 
Of the three acoustic devices, the hydrophone proved to be a better match to the visual data 
when compared to data from T-POD and C-POD. It should be pointed out, though, that 
these results are based on whistles for the hydrophone and clicks for the T-POD and C-
POD. Given the fact that most of the sightings (57%) were neither logged by T-POD nor 
C-POD, but by the hydrophone, suggests that dolphins may have been whistling but not 
echolocating; which may be correlated to the behaviour of the animals. Care must be taken 
over the interpretation of data where different vocalizations have been recorded by 
different acoustic devices as vocalization rate is expected to vary in relation to behaviour. 
Over the two years of data, 16 groups (out of 58) of bottlenose dolphins were logged 
visually but not acoustically (“false negatives”) by any of the acoustic devices. Ten of 
these schools were seen at an estimated distance of less than 500 m from the acoustic 
equipment. The group size of these schools that were not recorded acoustically ranged 
between 3-5 animals in 2008 and 6-8 in 2009. The percentage of acoustically missed 
dolphins by the hydrophone was relatively constant between the two years (2008: 32%, 
2009: 38%). Thus, assuming that the proportion of the dolphins acoustically missed was 
constant, acoustics could provide a reliable method for assessing changes in the use of the 
Special Area of Conservation by bottlenose dolphins. The data from the T-POD varied 
significantly during both years resulting in a higher detection rate for 2009. Due to the fact 
that bottlenose dolphins do echolocate at higher peak frequencies (Au 1993), clicks may be 
expected to be logged on harbour porpoise channels. However, only a few echolocation 
events were wrongly logged on harbour porpoise settings.  
Although the T-PODs performed better in 2009 (27%), its detection rate was lower than 
that of the C-POD (53%) and the hydrophone (63%). Since T-PODs are limited in 
recording broadband signals and C-PODs do record signals within 20 kHz-150 kHz they 
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are capable of detecting broadband clicks produced by bottlenose dolphins which might be 
a possible explanation for why the C-POD detected more animals than the T-POD in 2009. 
“Ground-truthing“ the stationary acoustic data by visual observations C-POD and 
hydrophone performed well in detecting the presence of bottlenose dolphins. The 
generated detection distances ranged between 239 m (mean min) and 484 m (mean max) 
for the C-POD and between 639 m (min) and 906 m (max) for the hydrophone. Using the 
calculated minimum approach distance of 239 m resulted in an area of only 0.18 km² 
monitored by a C-POD which is relatively small and limited. This demonstrates the 
importance knowing the study area when choosing a deployment site in terms of bottlenose 
dolphin‟s distribution in the estuary. On the other hand, a small detection radius means that 
the results can specifically be attributed to an area.  
The results presented a contribution to this area of research as no data exist on the 
detection distance for C-POD and bottlenose dolphins in the Shannon Estuary so far.  
The objective of the last chapter was to examine whether the approach of abundance 
estimate developed by van Parijs et al. (2002) for Pacific humpback dolphins also applied 
to bottlenose dolphins. They found a linear relationship with R
2 
= 0.85 using all their data 
and an even stronger relationship with R
2 
= 0.92 after removing the worst-fit-data points. 
Based on van Parijs et al. (2002), the correlation between acoustic activity using whistles 
and “other vocalizations”, and the number of bottlenose dolphins seen, was investigated. 
The common method (number of vocalization per encounter time) did not find a significant 
relationship between any of the vocalization types, neither for whistles nor for other 
vocalizations. Analyzing only 25% of the most whistle positive minutes, however, did 
result in a significantly positive correlation underpinning the hypothesis that many 
dolphins produce more whistles per time unit (here: whistle positive minute) than a group 
of only a few animals. Although a positive correlation did exist, group size could only 
explain 37% of the variation in the data. Factors such as distance and behavior are also 
likely to influence vocalization rate, but no significant relationships were found for this 
study. Even though group size of bottlenose dolphins (here: max.12) were similar to school 
size of humpback dolphins (max. 15) the results do not support the theory that it may be 
easier to obtain a significant relationship between vocalization rate and school size for 
dolphin species that occur in smaller groups as suggested by Ansmann (2005).  
 90 
When using acoustics for monitoring dolphins, it might be more appropriate to use an 
abundance index which would be defined as fraction of detection positive unit divided by 
the observation time (effort time) rather than measuring actual population or group size. 
Even if group size is known, is it not known which proportion of the population is 
sampled. The attempt to derive group size of bottlenose dolphin groups (2-12) from 
whistles and “other vocalizations” did not prove to be a reliable method, although 
previously successfully shown for Pacific humpback dolphins (van Parijs et al. 2002). 
Overall, the general conditions and the framework given by the study site were excellent. 
The advantage was that no other vocal species were present as bottlenose dolphins are the 
only cetacean species to occur in the Shannon Estuary (Ingram and Rogan 2002, 2003). 
Furthermore, it was a location where dolphins were expected to be seen frequently and 
close to shore. There was a unique opportunity to study wild bottlenose dolphins in a 
candidate Special Area of Conservation without disturbing the animals in their natural 
habitat. 
C-POD proved to be a promising tool for detecting echolocating bottlenose dolphins as 
they are logging sounds between 20 kHz and 150 kHz and thus enabling to log broadband 
clicks of bottlenose dolphins. More data are needed to see if the missing rate for C-PODs is 
consistent over years as determined for visual and hydrophone data.  
In terms of effort and maintenance, the T-POD and C-POD proved to be the most cost 
effective method regarding (internal) storage capacity, (independent) power supply and 
fast data analysis (automated detection process). The automated click train algorithm does 
not only facilitate data handling, but also overcomes the problem of observer dependent 
analysis. 
Despite the fact that SAM (using hydrophone and T-/C-PODs), cannot detect bottlenose 
dolphins whenever they are present in an area (“false negatives”), acoustic monitoring is 
the only method for nighttime surveying or for those weather conditions where visual does 
not work. These acoustic devices sample continuously for long periods of time, allowing 
assessment of seasonal changes in distribution and acoustic behaviour of animals without 
the disturbance which occurs where boats or aircraft are used. For areas where densities are 
too low for visual surveys, such as the harbour porpoise in the Baltic, static acoustic 
monitoring techniques may be the only appropriate approach for species abundance 
estimation. 
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7. Appendix 
 
Tracking data for the hydrophone in 2008 
 
 Time Horizontal  Vertical  
  ° " ' ° " ' 
03.07.2008 10:17:23 109 2 15 90 51 25 
07.07.2008 12:54:18 150 50 30 94 22 40 
 12:54:53 154 54 0 93 41 15 
08.07.2008 16:23:30 141 30 15 91 52 35 
16.07.2008 11:24:28 108 33 40 90 43 45 
 11:24:46 107 17 35 90 42 30 
 11:24:55 106 56 0 90 43 15 
 11:26:05 101 22 5 90 45 45 
 11:26:15 100 44 40 90 45 30 
 11:32:08 126 52 40 91 29 45 
 11:32:13 126 22 35 91 31 40 
 11:32:55 126 41 20 91 42 35 
 11:33:19 126 73 15 91 42 35 
 11:34:06 124 25 55 91 56 0 
 11:34:21 124 59 55 92 0 10 
 11:34:41 124 32 50 92 24 0 
 11:35:25 115 21 50 92 46 25 
 11:38:44 143 58 15 96 48 20 
 11:39:35 119 41 30 96 25 50 
        
 14:26:07 118 58 5 91 46 45 
 14:26:37 111 8 35 91 47 10 
18.07.2008 11:42:37 230 53 40 92 37 25 
 11:42:56 234 4 50 92 37 25 
24.07.2008 11:41:09 162 52 55 93 16 10 
 11:41:25 163 51 30 93 16 10 
 11:41:38 164 59 20 93 16 15 
 11:41:51 165 4 5 93 16 15 
 11:42:53 169 46 15 93 20 40 
 11:43:23 179 52 35 93 19 40 
 11:43:56 170 42 20 93 31 0 
 11:43:59 170 49 30 93 31 0 
 11:44:13 173 51 15 93 42 10 
 11:44:24 175 12 15 93 55 50 
 11:44:49 177 53 35 93 54 0 
 11:47:12 179 46 10 94 32 40 
 11:47:41 178 47 45 94 32 40 
 11:51:10 169 33 0 92 42 30 
 11:51:48 170 18 55 92 47 50 
 12:03:40 143 1 25 93 49 5 
 12:06:13 119 17 50 93 48 10 
 107 
 15:20:05 246 3 20 92 42 45 
 15:20:23 237 12 0 92 28 40 
 15:20:34 246 45 55 92 27 45 
 15:21:00 237 32 15 92 1 25 
 15:21:35 236 54 15 91 51 15 
 15:53:09 219 48 15 91 30 35 
 15:55:15 232 13 5 91 15 50 
 15:57:32 234 31 10 91 54 25 
 15:57:48 237 11 55 91 31 25 
 15:58:03 237 45 30 91 32 0 
 15:58:39 240 7 35 91 36 15 
18.08.2008 11:06:06 174 18 55 93 6 10 
20.08.2008 13:51:09 165 15 45 90 58 55 
 13:51:28 164 49 15 90 57 40 
 13:58:26 178 51 30 91 24 55 
 13:58:44 179 7 15 91 33 5 
 14:03:06 169 32 50 91 24 35 
 14:03:36 171 45 45 91 22 25 
 14:04:01 175 37 30 91 19 50 
27.08.2008 12:31:28 178 30 35 90 2 35 
 12:31:58 177 12 55 91 48 0 
 12:32:49 181 54 15 91 45 0 
 12:36:49 256 37 35 91 54 25 
 12:37:25 258 27 50 91 53 35 
 12:40:18 252 46 30 92 17 10 
 12:40:34 252 45 5 92 14 25 
 12:41:46 252 33 10 92 7 35 
 12:44:20 239 6 35 91 56 35 
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Tracking data for the C-POD in 2009 
 
 
 Time  Horizontal Angle Vertical Angle 
  ° " ' ° " ' 
22.06.2009 18:44:33 91 29 20 175 11 0 
 18:44:51 91 29 20 176 36 40 
23.06.2009 15:49:15 96 47 40 183 45 0 
 15:49:39 95 58 20 193 53 40 
 15:49:51 95 15 0 203 49 40 
24.06.2009 12:55:20 93 44 20 146 3 20 
 12:56:19 93 33 40 192 71 40 
 12:56:48 93 22 0 200 27 0 
 12:59:04 92 7 20 203 36 0 
 13:03:02 91 45 40 214 24 0 
25.06.2009 12:58:02 94 31 40 180 13 0 
 12:58:27 94 0 40 201 1 40 
 12:59:04 94 3 40 218 16 40 
 12:59:55 93 50 0 231 44 0 
 13:04:41 91 58 0 231 72 40 
30.06.2009 14:00:53 228 39 20 91 20 0 
 14:01:33 229 39 20 91 20 0 
 14:01:47 228 50 0 91 20 0 
 14:07:30 171 32 40 91 18 20 
 14:08:17 185 36 40 91 58 20 
02.07.2009 11:08:03 148 22 55 94 41 00 
 11:08:31 155 4 10 96 17 35 
 11:08:49 165 58 20 97 44 50 
 11:09:03 178 58 25 99 28 40 
 11:10:04 249 51 00 98 40 35 
 11:10:21 260 42 15 96 26 25 
 11:10:37 264 13 15 95 25 30 
 11:12:29 266 54 50 92 24 25 
        
 12:13:00 147 6 50 91 18 30 
 12:14:05 193 16 30 91 31 50 
 12:14;40 202 40 00 92 36 50 
 12:15:08 205 25 25 92 46 05 
 12:15:55 216 22 25 92 41 45 
 12:16:37 233 0 50 92 59 40 
 12:17:00 246 2 10 92 32 45 
 12:17:50 253 17 10 92 10 15 
 12:18:55 261 19 20 91 29 50 
08.07.2009 13:03:02 230 3 05 95 23 40 
 13:03:25 231 32 10 94 40 45 
 13:05:30 235 58 40 93 42 50 
 13:05:48 233 42 20 93 35 15 
 13:06:17 233 35 35 93 35 00 
 13:07:09 241 22 20 93 39 59 
 109 
 13:07:40 245 57 00 93 41 18 
 13:08:42 254 3 10 93 10 50 
 13:14:07 255 4 50 92 49 35 
 13:14:50 257 55 40 92 38 40 
 13:16:14 257 5 10 92 35 30 
 13:17:07 257 35 45 92 31 15 
 13:19:17 246 1 25 92 2 30 
 13:19:34 259 26 55 92 34 20 
 13:21:10 262 52 35 92 33 05 
 13:21:32 260 22 20 92 26 20 
 13:21:54 260 39 45 92 26 20 
 13:22:18 261 5 40 92 24 20 
 13:22:37 261 18 10 92 36 20 
 13:23:08 264 15 20 92 32 05 
09.07.2009 10:59:21 255 4 35 93 5 55 
 10:59:51 253 47 45 92 42 10 
 11:00:21 261 51 55 92 42 10 
 11:01:10 262 45 05 93 15 05 
 11:01:23 264 52 05 92 55 20 
 11:01:42 266 21 30 92 38 45 
 11:02:36 250 12 15 97 46 15 
 11:02:47 256 7 10 97 28 05 
        
 12:13:15 222 10 30 98 8 0 
 12:14:22 227 53 15 97 2 45 
 12:16:00 253 41 0 94 15 20 
 12:16:27 256 6 35 93 51 05 
 12:16:48 257 12 30 93 40 50 
 12:27:02 183 43 10 94 23 0 
 12:29:48 241 29 35 93 59 10 
 12:30:51 251 5 40 94 5 40 
 12:31:21 251 40 45 94 12 25 
 12:32:45 268 4 15 93 39 45 
 12:45:42 221 47 15 95 26 50 
 12:47:20 230 9 0 95 23 20 
 12:47:42 242 13 45 96 14 55 
 12:48:08 240 45 45 94 32 05 
 12:48:48 248 41 35 93 27 95 
 12:54:47 262 12 20 92 15 0 
 12:54:47 262 12 20 92 15 0 
 12:57:01 262 59 05 92 52 10 
 13:01:13 253 43 25 91 47 10 
 13:01:37 254 39 40 91 48 35 
 13:02:06 253 12 0 91 49 40 
 13:02:30 253 23 35 91 48 0 
 13:04:21 256 46 25 91 28 15 
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 14:15:30 197 7 35 95 16 10 
 14:16:05 216 16 35 95 41 40 
 14:16:48 231 13 35 95 17 05 
 14:17:19 241 31 55 94 48 45 
 14:17:44 250 32 30 93 52 10 
 14:18:18 254 7 35 93 29 0 
 14:18:43 257 41 50 93 10 35 
 14:20:07 254 11 20 92 24 0 
10.07.2009 11:38:34 244 26 30 95 15 50 
 11:39:09 263 52 35 94 31 50 
 11:41:26 267 32 15 92 1 50 
 11:41:41 267 4 20 91 52 50 
 11:42:07 266 35 45 91 45 0 
 11:42:28 267 4 15 91 35 30 
 11:48:02 267 33 57 91 17 45 
        
 13:06:03 238 53 10 93 45 55 
 13:07:23 251 40 45 93 14 05 
 13:09:57 256 29 45 93 15 50 
 13:10:32 267 29 40 92 28 40 
 13:12:12 265 30 20 92 23 55 
 13:20:39 260 50 10 93 20 10 
 13:21:05 266 45 20 93 20 45 
 13:21:19 267 49 25 93 20 45 
14.07.2009 11:07:41 227 19 15 92 30 40 
 11:08:40 224 58 45 94 25 45 
 11:12:10 149 51 5 94 52 55 
 11:13:05 221 28 40 94 40 35 
 11:13:31 235 12 15 94 20 15 
 11:14:06 248 50 55 93 26 25 
 11:14:48 261 17 10 92 48 10 
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Tracking data for the hydrophone in 2009 
 
 Time  Horizontal Angle Vertical Angle 
  º " ' º " ' 
22.06.2009 18:43:19 91 29 40 186 35 40 
 18:43:31 91 29 40 185 14 0 
 18:43:44 91 29 40 183 29 20 
 18:44:33 91 29 20 175 11 0 
 18:44:51 91 29 20 176 36 40 
23.06.2009 13:41:19 91 10 0 189 6 0 
 13:42:19 91 54 20 173 42 0 
 13:42:42 91 39 20 177 9 40 
 13:42:55 91 39 20 175 42 40 
        
 15:49:15 96 47 40 183 45 0 
 15:49:39 95 58 20 193 53 40 
 15:49:51 95 15 0 203 49 40 
 15:50:01 94 52 0 209 22 20 
 15:50:17 94 29 40 213 54 20 
 15:54:20 91 37 0 223 58 0 
 15:54:35 91 37 0 224 32 0 
14.07.2009 11:42:44 159 35 40 90 44 40 
 11:43:01 156 50 50 90 43 35 
 11:45:01 148 2 35 90 50 5 
 11:50:10 110 40 50 91 11 10 
        
 16:49:09 218 49 20 91 41 0 
 16:50:37 215 35 40 91 34 45 
        
 17:54:00 164 0 55 90 37 20 
 17:55:08 164 8 5 90 37 5 
 17:55:46 164 52 55 90 36 40 
 18:02:22 174 49 20 90 36 25 
 18:04:08 178 30 15 90 36 55 
 18:09:05 206 23 30 90 39 45 
 18:09:33 210 27 45 90 40 0 
 18:09:51 212 2 50 90 40 0 
16.09.2009 12:24:47 268 46 25 90 19 35 
 12:26:09 269 11 0 90 20 40 
 12:26:55 269 41 50 90 20 25 
 12:32:00 265 47 30 90 24 40 
 12:32:40 263 56 15 90 26 10 
 12:32:59 262 19 0 90 27 55 
 12:33:14 261 49 45 90 27 5 
 12:34:28 260 17 15 90 27 30 
 12:34:54 259 17 10 90 28 5 
 12:38:07 253 13 50 90 33 50 
 12:38:40 252 44 20 90 34 20 
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 12:39:00 251 39 45 90 35 5 
 12:39:30 249 36 10 90 34 20 
 12:40:16 247 4 15 90 35 15 
 12:40:44 247 15 25 90 36 35 
 12:41:09 246 39 30 90 36 50 
 12:41:50 246 13 0 90 36 50 
 12:43:02 245 42 45 90 37 10 
 12:43:59 239 18 0 90 34 5 
 12:48:24 238 8 45 90 38 30 
        
 17:50:06 161 51 40 91 1 10 
 17:50:34 168 2 50 91 1 5 
 17:50:54 168 31 25 91 4 30 
 17:51:21 172 30 0 91 4 30 
 17:51:42 176 7 20 91 4 30 
 17:51:58 178 28 45 91 4 30 
 17:52:24 185 55 40 91 6 20 
 17:52:45 190 22 35 91 6 20 
 17:53:16 196 20 35 91 6 20 
 17:53:28 198 59 45 91 6 15 
 17:54:14 213 47 45 91 3 40 
 17:54:31 216 1 15 91 3 30 
 17:55:07 218 28 20 91 3 35 
 17:58:36 225 2 55 90 55 20 
 17:58:57 225 1 10 90 18 45 
 18:00:35 216 20 0 90 47 35 
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Data set for COMPARISON for both years 
 
Date Group size Start End 
15.06.2009 4 11:04:00 12:21:00 
  3 14:00:00 15:19:00 
  2 15:52:00 15:53:00 
16.06.2009 8 09:45:00 09:57:00 
  3 10:13:00 10:16:00 
  12 11:51:00 12:30:00 
  4 14:10:00 16:25:00 
17.06.2009 6 13:59:00 15:05:00 
18.06.2009 6 10:41:00 10:44:00 
  12 13:43:00 14:09:00 
22.06.2009 4 10:24:45 11:20:48 
  6 16:52:15 17:16:24 
  10 18:07:23 18:55:57 
23.06.2009 4 10:08:02 10:11:06 
  8 12:54:29 13:55:05 
  8 15:48:00 15:54:35 
  3 16:08:49 16:19:19 
24.06.2009 8 12:28:56 13:05:47 
  8 14:54:38 15:40:30 
  10 16:18:23 16:43:23 
  6 17:46:11 17:58:27 
25.06.2009 8 10:20:27 10:41:20 
  8 12:12:00 13:09:00 
  6 14:10:00 14:43:00 
30.06.2009 3 12:07:00 12:10:00 
  4 12:40:00 12:58:00 
  12 14:00:00 14:16:00 
  6 15:50:00 16:45:00 
  3 17:17:00 19:04:00 
01.07.2009 6 10:48:00 11:16:00 
02.07.2009 6 10:45:00 11:18:00 
  6 11:38:00 12:19:00 
  4 13:52:00 14:26:00 
08.07.2009 4 10:28:00 10:49:00 
  5 12:46:00 13:34:00 
09.07.2009 8 10:59:00 11:04:00 
  6 11:59:00 13:16:00 
  6 14:09:00 14:31:00 
10.07.2009 6 11:33:00 11:48:00 
  8 12:48:00 13:29:00 
  8 13:06:08 13:29:05 
  6 13:52:00 13:58:00 
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14.07.2009 3 11:07:00 11:15:00 
  6 11:40:00 12:24:00 
  6 15:39:00 17:01:00 
  3 17:22:00 17:25:00 
  6 17:43:00 18:25:00 
07.09.2009 8 12:42:07 12:54:33 
  8 13:22:01 13:41:06 
11.09.2009 6 13:06:18 13:56:25 
15.09.2009 8 13:10:57 13:55:55 
16.09.2009 15 12:24:47 13:50:35 
  9 17:30:18 18:54:07 
 
 
02.07.2008 3 12:54:52 13:57:36 
  3 15:15:09 15:38:17 
03.07.2008 2 10:01:40 10:17:23 
04.07.2008 5 10:40:37 10:50:10 
  5 11:07:07 12:46:18 
07.07.2008 12 08:57:30 09:20:47 
  3 11:13:58 11:15:24 
  5 12:51:28 12:59:24 
08.07.2008 3 13:56:25 14:46:54 
  5 15:59:03 17:35:11 
09.07.2008 10 11:33:35 12:47:12 
  1 13:04:17 13:25:04 
  6 15:05:07 15:40:13 
13.07.2008 10 15:11:14 16:11:00 
14.07.2008 5 12:20:14 12:56:03 
  4 16:32:08 17:02:11 
16.07.2008 11 10:58:30 13:00:21 
  6 14:11:30 15:25:46 
17.07.2008 10 10:18:36 10:55:24 
18.07.2008 6 11:32:44 12:12:20 
24.07.2008 4 10:39:22 10:45:03 
  5 11:38:45 12:12:46 
  3 12:33:17 12:39:53 
  8 14:45:55 16:38:12 
25.07.2008 4 11:53:18 12:14:33 
15.08.2008 3 11:15:09 11:50:34 
  3 15:09:15 15:15:48 
18.08.2008 4 10:41:49 10:44:57 
  8 11:04:42 11:22:25 
  10 11:59:37 12:34:00 
20.08.2008 8 12:17:37 12:57:03 
  10 13:30:06 14:26:55 
  10 14:53:25 15:27:09 
27.08.2008 5 12:31:28 12:45:36 
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Data set for VOCAL ACTIVITY for both years 
 
Date Group size Start End 
12.06.2009 10 13:56:17 14:10:22 
  1 14:47:50 14:53:30 
15.06.2009 4 11:04:00 12:21:00 
  3 14:00:00 15:19:00 
  2 15:52:00 15:53:00 
16.06.2009 8 09:45:00 09:57:00 
  3 10:13:00 10:16:00 
  12 11:51:00 12:30:00 
  4 14:10:00 16:25:00 
17.06.2009 6 13:59:00 15:05:00 
18.06.2009 6 10:41:00 10:44:00 
 12 13:43:00 14:09:00 
22.06.2009 4 10:24:45 11:20:48 
  6 16:52:15 17:16:24 
  10 18:07:23 18:55:57 
23.06.2009 8 12:54:29 13:55:05 
  8 15:48:00 15:54:35 
  3 16:08:49 16:19:19 
24.06.2009 8 12:28:56 13:05:47 
  8 14:54:38 15:40:30 
  10 16:18:23 16:43:23 
  6 17:46:11 17:58:27 
14.07.2009 3 11:07:00 11:15:00 
 6 11:40:00 12:24:00 
  6 15:39:00 17:01:00 
  3 17:22:00 17:25:00 
  6 17:43:00 18:25:00 
07.09.2009 8 12:42:07 12:54:33 
  8 13:22:01 13:41:06 
11.09.2009 6 13:06:18 13:56:25 
15.09.2009 8 13:10:57 13:55:55 
16.09.2009 15 12:24:47 13:50:35 
  9 17:30:18 18:54:07 
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02.07.2008 3 12:54:52 13:57:36 
  3 15:15:09 15:38:17 
03.07.2008 2 10:01:40 10:17:23 
04.07.2008 5 10:40:37 10:50:10 
  5 11:07:07 12:46:18 
07.07.2008 12 08:57:30 09:20:47 
  3 11:13:58 11:15:24 
  5 12:51:28 12:59:24 
08.07.2008 3 13:56:25 14:46:54 
  5 15:59:03 17:35:11 
09.07.2008 10 11:33:35 12:47:12 
  1 13:04:17 13:25:04 
  6 15:05:07 15:40:13 
13.07.2008 10 15:11:14 16:11:00 
14.07.2008 5 12:20:14 12:56:03 
  4 16:32:08 17:02:11 
16.07.2008 11 10:58:30 13:00:21 
  6 14:11:30 15:25:46 
17.07.2008 10 10:18:36 10:55:24 
18.07.2008 6 11:32:44 12:12:20 
24.07.2008 4 10:39:22 10:45:03 
  5 11:38:45 12:12:46 
  3 12:33:17 12:39:53 
  8 14:45:55 16:38:12 
25.07.2008 4 11:53:18 12:14:33 
29.07.2008 2 15:50:04 16:00:08 
15.08.2008 3 11:15:09 11:50:34 
  3 15:09:15 15:15:48 
18.08.2008 4 10:41:49 10:44:57 
  8 11:04:42 11:22:25 
  10 11:59:37 12:34:00 
20.08.2008 8 12:17:37 12:57:03 
  10 13:30:06 14:26:55 
  10 14:53:25 15:27:09 
27.08.2008 5 12:31:28 12:45:36 
28.08.2008 8 17:03:51 17:55:17 
 
  
